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kcnepumeHT T2K (Tokail to Kamioka)

Linac:

30 GeV JPARC PS intense proton beam
used to create muon neutrino beam
Main Ring(MR):

Far detector - Super-Kamiokande bbb
peration since May 2008
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Far detector Super-Kamiokande

50KT (22.5 kT FV) water Cherenkov detector
11146 20-inch PMTs (Inner Detector)

Fully recovered since July 2006

Dead-time less DAQ system (2008~)

Detector performance is well-matched at sub GeV
Excellent performance for single particle event
Good e-like(shower ring) | py-like separation




Electron-like and muon-like events separation at SK

Particle ID using
ring shape & opening angle
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Probability that p is mis-identified
as electron is ~1%




Neutrino interactions in T2K

CCQE interactions dominant
at T2K energy 14— ,uCross-sections
e 12p [ T—Jealconm)

V

Total (CC)

oIE (108 cm?GeV)

P

T2K nu signal: nu + n ->e(mu) + p
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High energy neutrino interactions cause background events in T2K
(e.g. CClpi for nu_mu disappearance, intrinsic Nu_e and NC1pi for nu_e appearance )

\

need to reduce high energy tail

\

off-axis conception



T2K off-axis conception
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Decay volume

Optimize beam energy for oscillation max
E_nu ~ 600 MeV

--> T2K utilizes 2.5° off-axis angle

--> small high energy tail

--> background reduction

Crucial to carefully monitor neutrino beam direction

--> keep peak energy stable



J-PARC T2K neutrino beamline

Muon Monitor

Horn Beam monitors

Si array
+ IC array

Beam Dump

110m long
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“Pre-oscillation” beam monitoring

Near

target/ ~Decay volume  Myon V
Horn T detector

Detector

off-axis (2.5° u
o “on-axis

Muon monitor
-- spill-by-spill monitoring

On-axis detector INGRID
-- actual nu beam day-by-day monitoring

Off-axis detector
-- NU energy spectrum
-- NU_e contamination
-- NU cross-sections 1
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ND280 Off-axis aetekrtop

UA1 CERN marHunT
MarHuTHoe rnosae 0.2 T Bec okono 900 T

eTeKTop A4 nsyyenma CC ECAL TpCs FODS
A B3aW oﬁeﬁcmﬂa: Magﬂ/[RD )
* Fine Grained Detector (FGD) yoke
— M3MepeHue NoToKa HenTpuHo, E, cnekrpa,
apomartHoro coctaa nyuka c nomotbio CC Magnet
B3anMO4eNCTBUN coils

— BOAHAA N CUMHTUINALUWMOHHAA MULLEHN
e Time Projection Chamber (TPC)
— onpegesieHne NMNyJsbCa 3apPAXXEeHHbIX YacTul,
- NAeHTUUKaUMA 4acTuy, NyTEM U3MEPEHUSA

dE/dx >
o -neTeKTop (POD)
- |/|J31yquv|e Ng- Tt° peakuuin v beam

—  1CN0JIb30BaHME BOAbI AN U3MEPEHUSA CeYEeHUA
PEAKLMN Ha Kncnopone

DNIeKTPoOMarHUTHbIN KanopumeTp (ECAL)

— JeTeKkTnpoBaHme pOoTOHOB OT 1’ pacrnagos B Pi-zero Tracker
POD, TPC n FGD
— BOCCTAHOBJIEHME TPEKOB U ngeTudmnkKauma Detector
~ 3apAXKEHHbIX YacTuL
Side Muon Range Detector_(SMRD) SMRD, INGRID, POD & ECAL -
— |/|3me6oeH|/|e MMNYJIbCOB MIOOHOB, BbIJIETAIOLLINX utilizing Hamamatsu MPPC
noA ©oibWnMn yriaMn photosensors:~ 64k channels

- Tgmrrep anA KaJ'IVI6pOBKVI KOCMNYECKNMU
HaCTnuaMnm BHYTPEHHNX OETEKTOPOB

— BeTO-OeTeKTop 13




Measurements In off-axis T2K ND280

An impact for the present analysis <-- vy CC events rate
measurement

Evert number : 24083 | Partition : 63 | Run number : 4200 | Spill : 0 | SubRun numbar 36 | Tima : Sun 2010-03-21 22:33:25 JST [Trigger: Beam Spill
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NeTekTop MIOOHHOro npobera (SMRD)

MAGNET conceptual design:
Basket support structure

O Conceptual diésign optimization versus

3agauun n ctpyktypa SMRD

* Peructpaymsa CC-QE MIO0HOB, Bbl/leTaloLWuX nog 60/bWmMm yrnamm K
OCU HENTPUHHOTO Ny4ka

* NaeHTndukauma goOHOBbLIX COObITUIA

» KannbpoBka BHYTPEHHUX AETEKTOPOB

» BospgylwHble npocrioikn UAL marHuta, o6opyaoBaHHbIe
CUVMHTUMINALNOHHBIMUK CYHETYMKaMU

SMRD cueTtunkun paspaboTaHbl 1 co3gaHbl B AW PAH
« ~2200 nHanBnayasibHbIX CUMHTUNNAALNOHHBLIX CYHETUKOB
« cBeTocbop ¢ ABYyX TopuoB cunHtuanatopa: Y11 (d=1mm) WLS
OMTOBONOKHO S-(popmbl, Hamamatsu MPPC dpoToaeTekTopbl
* CyMMapHbI cBeToBbIXoa 25-50 p.e./MIP (~1.5 MaB) ansi ueHTpa cuyeTumka
T=20-22 C
» a(pdpekTnBHOCTL pernctpaumn MIP >99.9%
« 0 <10cm; 0,~1 HC
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N3rotoeneuume SMRD cyetTuukos B UAN PAH

Monnposka WLS
ONTOBOJIOKOH

O6paboTKa CUMHTUNMALMOHHBIX NNACTUH HapesaHue kaHaBku S-chopMbl

» MoAroToBKa KOHTEMHEPOB M3 HEPXXABELLEN
BknevBaHne ONTOBOMIOKOH M GOKOBbLIX NaHesen
cTanu 16




flotoBble SMRD cuetuukmn B AN PAH nepep, OTHpaBKOI/I B
J-PARC

Bce ~2200 cuteTymnka co3gaHbl 1
npotecTtupoBaHbl B A PAH n
oTnpa.sieHbl B J-PARC aByMA napTUAMN.
B ceHTA6pe 2008 n mapTe 2009
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yCTaHOBKa SMRD Mmoayneun B MarHuT

# Cobopka I/IH,CI,I/IBI/I,EI,yaJ'IbeIX CYETHNKOB B Mo,qynvl =




SMRD peTtekTtop

YcTtaHoBKa Bcex SMRD moaynen B MmarH1T 3aBeplueHa B nione 2009 roaa

CobbITue oT
KOCMWUYECKOro MOOHa,
3aperncTpmpoBaHHoOE B
SMRD
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SMRD peTtekTtop

-- Kannbposka getekropa
-- MOHUTOPUHT paboThl AeTeKkTopa

-- Bpemsa-amnnutyaHas (elx & fiber time-walk)
ana SMRD (takke POD& ECal)

niries

Meanx 1 ks

© 0 | Meany 990008
;o |Ames 90805

SMRD MPPC gain
variations

2009-2011
Operations

5
:
;

niries

Meany -5763=06
AMS s 90805

" problems with
o0s 10 channels
o1 - out of 4016

o1

0.05]

o
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ZDif

Entries 27785

700

600

500

400
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Mean -3.696
RMS 244.4

Cosmic hits distribution along SMRD counter
-- before twalk correction
-- elx + fiber twalk

v e v b b b v e w e b b ]
=300 -200 -100 0 100 200 300 400

Z from counter center, mm

‘-'1—III|IIII|IIII|IIII|IIII|IIII|I

Ty_her
Entrias 3886
Mean 3397
RMS 21.29

SMRD light yield:
-- Feb 2010
-- June 2010

-- June 2011
(recovery after the earthquake )

PR R N MR NI M A AP [T ST (TR T
20 40 60 80 100 120 140

Charge, p.e.
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SMRD MC tuning

Tune MC to match SMRD performance (cosmic data)

ly_all v T singleHits
—_— | singleSmrdHits | ﬁ
C Mean 34.73 Mean 46.28
r RMS 2565 C RMS 7.956
300 600 —
250 500—
- - -- data
200 400—
150— 300— -- MC
100— 200
50— 100—
o-l_— L1 | I — L1 | I — L1  I— o_lllllllllll IIII|IIII|IIII|II —"|IJ__III\|\I
0 20 40 60 80 100 120 140 0 10 20 30 40 50 60 70 80 20
Charge, p.e. Smrd calibrated single hits (before smrd calib)

SMRD all single hits (not double-sided)
SMRD L.Y., single hits contributors
from double-sided hits T=19-21C
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PeKoHCTpyKumsa cobbitnm B SMRD

g [
o s 1 N
-- CwmBka SMRD co06bITuK C g F \
BHYTpeHHUMK aetektopamu ND280 ¥ sl %
<-- Kalman Filter -
0.8
-- BO3MOXHOCTbL 1MCNOJ/Ib30BaHUA -
OAMNHOYHBLIX XNTOB B SMRD 0.7
-- Bbicokasa adopekTUBHOCTb CLUMBKU °-“;—
B R S T S S S S T
NSmrdHits
.g 1; —+ - +ﬁ~*"* 3‘m;_Run 0, SRun 0, Evt 2, Trig 0x0 ;“HO"‘"‘
Eu.sa;— + + ++ 2000
ool +H + - =
- 1000 — —HI T T
0.94— . C :: :: ::
0.922— % o Q\\ Enllinsli.
0'9;_ 1ouuf— S
088 -
0.83_— -2000— :
e 400080002000 1000 01000 2000 3000 4000
600 800 1000 1200 1400 1600 1800 2000 2200 22

True muon momentum, MeV



FGD-(TPC)-SMRD tracks analysis

Analysis of FGD-(TPC)-SMRD tracks:
Goal:
-- recovery of high-angle muon tracks
FGD iso reconstruction efficiency still limits this --> future improvements expected
-- independent estimation of muon/nu kinematic parameters (w/o TPC info)
Method:
-- SMRD constituent presence provides muon PID
-- select:
- FGD-SMRD tracks
- FGD-TPC-SMRD tracks when TPC info is not reliable (too short TPC tracks)
-- estimate muon momentum via energy loss calculation

Current results for 2010a data (2.94x10719 POT):
-- improved reconstruction algorithm allows filtering even single SMRD hits
-- able to reconstruct muon momentum with ~20% sigma
-- muon selection purity: 68%; CCQE selection purity: 52%
-- total 148 events selected

| Global_all cosTheta After Cuts Data | it 1 oot 8 ke | Global_all_Momentum_After_Cuts_Data | oo Mot Dol | Global_all_NuEnergy_After Cuts_Data | ke I e
— = = = Entries 148 Entries 148 Entries 148
C Mean 0.5285 Mean 494.1 40— Mean 6827
BE RMS _ 0.3053 50 RMS 2169 B RMS 2006
C BB Muors, CO-GE FGD FID r B
— I Muons, Non CC-GE FGD FID L
30: I V.cns, Out of FGD FID C —.— Do
F B Other particles 30:_ = : - z;u el
25— F B Wucns, Outof
C 25F ]
20— E
r 20
15 151
10 10F
5
R3PS e o
-1 -0.5 b 1 500 1000 1500 2000 2500 500 1000 1500 2000 2500

P T Momenturn, MeV NuUEnergy (CCQE assumption), MeV

: . 23
Kinematic parameters



[Touck V>V ocUMNNAUUNN
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Number of POT used in analysis

#of bunch:6 - 8
rep. rate : 3.64s - 3.2s - 3.04s

< 10% Delivered proton# I Proton per pulse(for physics run) 1012
- PhySiCS run - Proton per pulse(all runs) a.
140 |— - 100
120 — | ﬂf!'— 80
S - el B
100 1= = . pon /T -
g0 l— - ., r . |f:,..{. . !__ 60
LY I et -
60 — 1‘1 Elp .!' ': :'l:? p r —140
40 — s oS M o~ 3
s " . — 20
0p— - /—,/_//J -
18/10 ' ' Ane/T0 ' Mar/1 1
Date
Run 1 (Jan. ’10 - June '10) Run 2 (Nov. ’10 - Mar. '11)
- 3.23 x 10*° p.o.t. for analysis - 11.08 x 10*° p.o.t. for analysis
- 50kW stable beam operation - ~145kW beam operation

Total # of protons used for this analysis is 1.43 x 10 pot (2% of T2K goal)
Stopped at Match 11 2011 because of Great Eastern Japan Earthquake



Nu mu--> Nu_e oscillations analysis

1. Apply SK Nu_e selection cuts for events in far
detector

Cuts established and fixed for initial data taking
conditions (using MC samples) prior to data
analysis to avoid any bias

2. Compare the observed events number with the
expectation for sin“26__ =0 to

search for Nu e appearance

26



Background signals for Nu_e appearance search

Signal: single CCQE electron event

e

V“--—-P Ve ---+/

Background:

-- Nu_e contamination

in the primary Nu_mu beam
(form muon & kaon decays )

-- pi-0 from NC interactions

27



Super-Kamiokande Nu_e events selection cuts

7/ Nu_e selection cuts

1. T2K beam timing & Fully contained (FC) events
(synchronized with the T2K beam timing, no activities in the OD -->
clusters with >15 PMT)

2. In fiducial volume (FV)
(distance between recon. vertex and wall > 200 cm)

* Poor vertex reconstruciton accuracy for events too close
to the ID walls

* Events from outside the ID rejection S s | OD
* Total 22.5kton FV C e
| ROF o
| |
3. Single electron | FV | i 1D
Exactly one Cherenkov ring : ; )
Ring is e-like e e - - ]—E’]
LU LT N -:I

28



4. Energy deposited in ID 5. No decay electrons
(visible energy) > 100 MeV (no delayed electron signal)

9
* Reject events with muons or pions

which are invisible or
mis-identified as electron
(vu events or CC non-QE events)

* Reject low energy events:
NC events and decay electrons
from invisible muons

4
:g; e [ Osc.v, CC < [1 Osc.v,CC
— Vu+;u ce I VY, CC
o 3 [ v,cC 2 10 1 v, CC
o NC c NC
< 2
@ MC with sin’28__ = 0.1 ) MC with sin®2_ = 0.1
€ ©
g 2 this cut rejects 14% of - this cut rejects 85% of
D NC, 30% of v. CC bkg. 2 5| v CC bkg.
© _ . £
— 98% signal efficiency -] ' 90% signal efficiency
8 TH for this cut < for this cut
g g | _
77
0 L L el S —— T = 0
0 1000 2000 3000 0 1 2 3 4 =5
Visible energy (MeV) Number of decay-e
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6. Reconstructed invariant mass 7. Reconstructed Nu_e energy
< 105 MeV < 1250 MeV

" Suppress NC m® background * Reject intrinsic beam ve

Find 2nd e-like ring by forcing to fit light pattern packgrounds at high energy

under the 2 e-like rings assumption, * Signal (vu—Ve) has a sharp peak at
and then reconstruct invariant mass E~600MeV

of these 2 e-like rings

5

< 1 Osc.v, CC

4 v!.l+$p cC
. lv,CC

NC

- - 2 —
3 MC with sin 2013 =0.1

< [ Osc. v, CC
vlu+$u CC
v, CC
NC

W
—

MC with sinzze13 =0.1

| = = 0 = ; ; L . .
0] 1000 2000 3000
Reconstructed v energy (MeV)

Number of events /(15 MeV/c?)
|
Number of events /(250 MeV)
N

1 —

0 100 200 300

Invariant mass (MeWcz)
30



After all the selection criteria
background rejection :
77 % for beam v,
99 % for NC
signal efficiency : 66 %
for the number of events in FV
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Expected events Nu_e number at Super-K

(flux ) x (osc. prob.) x (x-section) x (efficiency) x (det. mass)

Né\ffc / (I’Eff(ye)(Eu) - Pose. (Ev) : U(EV) : ESK(EI/) dr,

NS = RRp™ x R MC M pors
ND / ®3(E,) -o(E,) -enp(E,) dE,
Signal Nu_e events
NMe, B f <I>§ff(Ey) Py, . (Ey)-o(Ey) - esg(Ey) dE, MSK ox
— : -POT
R“’ MC ND MND
ND ®, "(E,) - 0(Ey) -enp(E,) dE,

Background from intrinsic Nu_e contamination

Background from intrinsic Nu_e events at Super-K is predicted using nu beam simulation
based on NA61 measurements (pions) and FLUKA simulation (kaons)

N p Rp Dat Ni’\f(cb bg N%(Gb- bkg / @EF(EU] ' Pyeg)yg (Ey) : J(Ey) . fS’K(Eu) dEy n/fSK 5 -
exr — 3 aila Ja EaT UV, . EUTL Ve - . 4 _ . P T
SK beam v, bkg. ND , ,
g Riio™ Mo | #PE) o) ot a5, M
Background from piO from Nu_mu NC interactions
NMC
Nea:p _ Ru., Data X SK NC bkg.
SK NC bkg. — ND Rp,, MC 32
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Neutrino flux prediction

horn focusing,
decay is

simulated Vi
by GEANT3 SK

actual beam profile & position

(beam monitors meas.) T,
beam
graphite
target

beam on carbon target
* Use CERN NAG61/SHINE pion measurement
(large acceptance: >95% coverage of v parent pions)

* Kaon, pion outside NA61 acceptance, other interaction
in the target were based on FLUKA simulation

* Secondary interaction x-sections outside the target were based on
experimental data 33



NAG61/SHINE contribution for T2K

31 GeV/c protons on carbon target

=
= tz }{}
g 001 —+- *Ifi }{ {
t:TQ_ [ O-=B=<20 rmrad T *ﬁi 20-<=B-<40 mrad
=I1="0.00s5f- i 4 __j i .
| | GteFEtiEE B | K R
= . . , 5 T T
0.0 f— - }*‘hﬂi@
00 f— —] L
B A= B60 mrad ‘;i *{g 608100 mrad
002 —+ &
o - — s -._.--
0.1 ' i o *
005 _j 1< O-< 140 mrad _:H I}i 140-=<0-<180 mrad
HE s %
d Mt [ *Eﬂr-
3 BT is s 1o is
p [GeWV/ic] p [GeWV./ic]
=
o.1f- !{_H{ i+ [
= I ® 4 & f
fam # t }
Zle owos)-. t iz 180<B<240 mrad big 240<8<300 mrad
Xl BEg | L]
—I*:?; LTI
LU o ——
i i
I T +,
005 _: 300-=08<360 mrad . t BE0oB<d 20 mrad
2 E] =] 2 4 3
p [GeV/c] p [GeVic]

2007 data with thin target

0015 ' ' ' -1

N.Abgrall et al., arXiv:1102.0983 [hep-ex]
submitted to Phys.Rev.C (2011)

6 [Imrad]

5' . 1'(5""" g
p [GeVic]

Tigure 1: (Coler online) The prediction from the T2K beam
simulation: ihe {p, 8} dislribution lor posilively charged pi
onzs weighted by the probability that their decay produces a
muon nautrine passing through the SK detector.

Systematic uncertainty was
evaluated in each (p,0) bin

typically 5-10%

The normalization uncertainty
is 2.3% on the overall (p,0)

- propagate the systematic
uncertainty in each (p,0) bin
into the estimation of

the expected number of
events in T2K



Flux predictions

Predicted neutrino flux (center value)

rrrrprorrrproe ot UL L L LI L LB L L
e . =l
Eoa H

oK (Ey) |= ronpares_

— pion parents

1| =—mition parcnis

Flux[/10*' POT/cm?*/50

10 e N |I|ﬁ
0 1 2 3 4 5 3] 7 8 q 11
E, (GeV)

—f-nllé

) — kaon parents
— plon parents

— L0 parcmes

Flux[/10°' POT/em*/50MeV]

SK LIS, . . L L
lq)],-"e (EIJ") — all
e — kaon parenis
e - —_|_| — P]ﬂﬂ:pﬂrﬁﬂ!&
E IDJ' — muon parents
:
= 10
=
¥ |
T
wwe——+—F+———+——+——+ 1+ L |

0 | 2 3 4 3 6 T S 910
| | E, (GeV)
1L decay is dominated at

low energy

_I_

T — ,quyp,
_|_

ut — e UyVe

NA6] pi{m measurement
predict&a the beam v. from
pion origin 5
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ND280 input to present analysis

-- CC inclusive measurements
in ND280 tracker: FGD+TPC S

9 200F T T S
> - 3
_- 980 0 S 180F 777] v, CC QE E
98% CC, 50% CCQE g 1605 VHCCanE
— il v, CC
-- Analysis based on =% izg_
2010a data 5 b g
(Jan2010 -June 2010) T sk E
60 =
- 2.9x10%° POT wF :

K2

20 iy R YILT
-- data is consistent with MC 0 \\\_\\\\\'\'.\"\\\i’\’\ns\-m\“““

1500 2000 2500 3000 3500 4000 4500 5000
P(n) MeV/c)

based on NA61 (flux) and 0
nu interactions simulation (NEUT)

RK: Date — 1599 events / 2.9 x 10 p.o.t.

RﬁDMc — 1.036 & 0.028(stat.) 9932 (det. syst.) & 0.038(phys. syst.)
ND 36



The expected number of events with 1.43 x 10?° p.o.t.

Beam v NC Oscillated Total
background background Vy — Ve

(solar term)

The expected # 0.8 0.6 0.1 1.5
of events at SK

NexpSK tot. = 1.5 events
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Systematic uncertainty of the expected event number

error source

syst. error

1) v flux

2) v cross section

4) Far detector

5) Near det. statistics

(
(
(3) Near detector
(
(

:|:85% Sin22013:O

+14.0%
5%
+14.7%
+2.7%

Total

exp w, Data
Ngr = Ryp X

MC
Ny

p, MC
RND

/

+22.8
—22.7%

@SK (Eu) - Pose. (Ev) g U(Ev) : ESK(EI‘/) dE,

Vi (ve)

/ ®,°(E,) -0(E,) - enp(E,) dE,

The expected number of events in Super-K:

Ne*Psk=1.5+0.3 events 38



Number of events / 20usec

T2K events in Super-Kamiokande and results

Events in beam timing
Clear beam structure !

_ === Runl
15 i = Run 2

10 |

Number of events / 40nsec

L.ﬂl A

0 1 1
-1000 0 1000 2000 3000 4000 5000
AT, (nsec)

-500 -250 0 250 500
AT, (usec)

Number of events in on-timing windows (-2 ~ +10 usec)

___ Class/Beamrun__| RUN-1 | RUN-2 | Total

POT (x 10%9) 3.23 11.08 14.31
Fully-Contained (FC) 33 88 121 0.023 39




Super-K FC events vs POT

100

-]
n

FC events
<

KS test resul

D=0.086
prob=33.4%

M
n

0 ' L1 L L1l IR T A T T T I
0o 2 4 6 8 10 12
Accumulated protons ({ x 10

N
)



Number of events

SK cuts application

Fiducial volume cut & fully contained FC

FC, Evis>30MeV, R<1490cm

10
2 s F\

n
1
L1

1

—%EJDD -1000 0 1000
Vertex Z (cm)

2000

Number of events

10

FC, Evis>30MeV, |Z|<1610cm

-+ F\Hf

S S B

e | g BT =

4

0

1000 . znug 30{103
Vertex R® (cm”) x 10

41



Number of events

Single ring and e-like ring

MC with sinzze13 =0.1

40

N
o

—4— Data
[ ] Osc.v,CC
vp&?p CcC
. lv,CC
NC

2

3

4 =5

Number of rings

o)
i
5
>
D
[ —
O
| .
)]
0
=
=
pa

-1
o
- - T

&)

=

e-like <4

fy

——

< [ Osc.v,CC

B

Data

v +v CC
AT

Ve CC
NC

u-like

-10

0
PID parameter

42



E visible > 100 MeV No decay electron

MC with sin22(-)13 =0.1

4 I —4— Data
— . —+¢— Data .
% I 1 Osc. v, CC 7 L] Osc. v, CC
= vu+;|,|. CcC | A cc
S 5l [ v,CC 2 10} = N
o _ NC C NC
= | e
e | -
S 201t o
> 1l |, o) 1
QO 1 e 5
5 Jf[ =
5 14 . z |
0 1] i <
i -
=z . | N L ?

0 T et 0 | l

0 1000 2000 3000 0 1 2 3 4 =5

Visible energy (MeV) Number of decay-e
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Invariant mass <105 MeV Reconstructed Nu_e energy

< 1250 MeV
MC with sinzze13 =0.1
< S —+ Data 9 < —4— Data
§ < [ ] Osc. v, CC () | 1] Osc_.vEgC
© 4| v+, CC = 3 e
E ' \-"e CC 8 veC
T NC N N
A\ —
2 °f 2 2f
c @
@ _ >
> 2} <
N 5 1 -+
@ 7 e
E i __I_'_Lj_l_ e ] =
= : - roeowi =
0 0 100 200 300 0 1000 2000 3000
Invariant mass (MeV/c?) Reconstructed v energy (MeV)
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After all SK Nu e selection cuts...
6 events remained !!!

(N_exp = 1.5 £ 0.3 at sin“26  =0)
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Selected Nu e events vs POT

6
u
G
|
v
3
w
e
=
@ 2 —
o
- KS test resull
D=0.182
prob=98 9%
D...I...I...I...I...I...I.

0 2 4 6 8 10 12 14
Accumulated protons ( x 10")



Number of events for each Nu_e selection step

Expected Data,
BG total wy +7, CC 1, 00 NC vy, —u CO

Interactions inside the BV 141 .44 67,30 317 TD.OE 0.13 -
FCEY T3.76 53,44 303 1820 012 B8
Single-ring 3842 30.85 182 566 0.11 4l
Electron-like PID 5.65 1.02 181 372 0.11 8
Bz > 100 MeV 081 0,72 180 319 0.11 T
Mo decay-e 4.50 0.14 156 278 0.10 i
POLAt mass < 105 MeV /¢ 1.52 0.4 112 076 0.09 i
Reconst, v energy < 1200 MeV 1.40 0.03 076 051 0.0% i
Efficiency from Interactions [H] 1.0 =0.1 240 08 73.8

Efficiency from FCEV [7] 1.5 0.1 20 34 T6.4

sin22613 = 0 i1s assumed in MC simulation for this table
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Angle distribution for selected Nu_e events

Beam direction

: —4— Data
L[] Osc.v, CC
3 F vu+ﬂ CC
N e %) - [ v, CC
\ GCJ || NC
—
eb o 2 = —— ——

{ Ubeam ‘s
4 )
L0
&
-
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Vertex distribution in SK FV

T2K beam

2000 | 000
2000 1000
£ = .
Ny ) .
> .
» 0 r;q( 0
[4b) x i
k5 kS ]

D
g« =
-1000 > 00

™ L
2000 — 1 I T
-2000 -1000 0 1000 2000 -20000 - e o000 —

Vertex X (cm) Vertex R? (cm2) x 10 3

* Vertexes clustering at large R - make some additional checks

* Check distribution of events outside FV - no indication of BG contamination

* Check distribution of events in OD - no indication of BG contamination

*K.S. of the R*2 distribution gives p ~ 0.03
49



Some checks of vertexes distribution

OD (outer detector) vertexes

Blank histogram: MC distribution
Hatched histogram: MC w/ true vertex MC with “full” oscillations;
being not in the ID. sin?20 _=0.1
Cross: T2K Data 2

SK Nu_e selection cuts w/o FCFV Beam Z
DWALL, I/, Candidate Sample \®\ [NIEA
6 G a the 1) dow;!;--:::._
af :
2 |

N : . -._‘_‘_'—‘—I_ 30; ‘f:—n.\ia ;

0 500 1000 1500 2000 - % I

distance from the wall (cm) T

DWALL, I/ Candidate Sample

-ﬂ)uu -1000 0 1600 2000 - ‘IOIUU i 2000
10 ' Super-K Z (cm) Super-K Z {cm)
1 -_uil:——z B . N
" _ ODEN ] L opTtor
_1 ¥ N - D) ATA . [ e DATA )
107 g W - of e ]
10_2 % = R Empty Spill data [CR) ] : Pl Empty Spil duta (CR)
R - 1
-3 3’:{‘ 1 _ H 201" pre—
107, 50 1000 1500 200( %4 pr - ‘ ] PR otk s ahdx bl MR
1 -2000 -1000 0 1000 2000 -2000 -1000 0 1000 2000
distance from the wall (cm) Superk 2 on) SuperK Z e
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First T2K results for ve appearance search

1.43x10% pot analyzed (2% of T2K goal)

The observed number of events: 6
The expected number of events: 1.5+0.3 (sin22913 =0)

No oscillation hypothesis leads to 0.0/ probability to
observe 6 or more events (2.5 o)

Indication of v_ appearance in v, >V transitions !



Allowed region for sin22613 VS Am223

Feldman-Cousins method

- B B
sin 2623—1.0 and 6CP—O

10"g
q
> 107
3 -
&
E .
< 10
E = Rest Nt to T2K data
68% CL
BT
10-4...I...I...I...I...
0 0.2 04 0.6 0.8 1

sin"20

sin“28, ,
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Allowed region for sin°26_vs &_,

Am223=2.4x10'3 eV?and sin22623=1.0

3k T T J'L_ LA B B
w2 [ Amy,>0 - a2 | Am};<0 -
o 0 - o o0 -
“© i
f e | K
——— 1.43x10” p.o.t.
- TR T T T T N N T - I T T N T B R I_
0 0.1 02 03 04 0.5 0.6 04 0.5 0.6
. 2 .
sin 2613 51]122913

90% C.L. interval & Best fit point (assuming Am?;3=2.4 x 103 eV?, sin?202:=1, 8cr=0)
0.03 < sin?20.3 < 0.28 0.04 <sin?20:3<0.34

sin220.,;=0.11 Sin?20.3=0.14 53



3ak/irnyeHue

e Co3pnaH 6nmxHNnii aetektop ND280 akcnepumeHTa T2K, BaXHbIM 3/1EMEHTOM
KOTOPOro ABMAETCA AeTEKTOP MIOOHHOro npobera SMRD, pa3paboTaHHbIn 1
co3fiaHHbI B AN PAH

-- cBeToBbIX0A 25-50 h.3. (UeHTp cyeTumnka, MIP), T=20-22 C

-- 3ppeKTMBHOCTb peructpaunmn MIP>99%

-- cTabunbHasa paboTa getekropa B TeveHun 2009-2011 rr.

* BbinoniHeHa KanubpoBka aeTtekTopa, HacTporka MC SMRD, a Takxe cLuMBKa
SMRD c “BHyTpeHHUMKN" aeTekTopamn ND280

 [lokazaHa BO3MOXXHOCTb 1cnosb3oBaHna SMRD getektopa o1
peKoCcTpyKumn/aHamsa HEMTPUHHBIX COObITNIN 6€e3 yyacTus BPeMS-MPOEKLNOHHbIX
Kamep

* BavmxHnin getektop ND280 no3BonseT BOCCTaHaB/MBaTb CMEKTP HEUTPUHO T2K
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B akcnepumeHTe T2K nosiy4eHo nepBoe ykasaHue Ha nosiB/ieHne v,
B pesynbTare v -->v_ OCUMNAAUMNIA;

-- 3aperncTpupoBaHo 6 COObLITUIN OT 3NEKTPOHHbLIX HENTPUHO, OXMUOAEMOE UYNC/IO
(otcyTtcTBMe ocunnnaumin) — 1.5+0.3 cobbITus

-- 2.50 significance 99.3%

-- 0.03(0.04) < sin?20:3 < 0.28(0.34) (90% C.L.) ans HopmMasibHOW (“obpaTHOn”)
nepapxum macc

-- BO30OHOB/IEHME PabOThl IKCNEPMMEHTA NOCc/1e yCTpaHeHns nocnencTasum
3eM/IeTPSCEHNSA, MPOAOIIKEHNE N3YUEHUA V -->V_ ocunIIALnNN

-- N1eTo 2011, pe3ynbTat v -->v 1A 1.43x10%°p.o.t

55



[loknaabl Ha KOHhepeHUMAX:

1. TIPPO9 Lyky6a, AnoHua, 12-17 mapta 2009

2. NTO®, HayyHasa ceccusa-koHpepeHunsa cekunm Ad OPH PAH «dusnka
doyHOaMeHTasIbHbIX B3auMOAeNCcTBun», 23-27 Hos6pa 2009

3. INSS 2010, Vokorama-Tokaii, 23-31 asrycta 2010, AnoHus

4. 11™ NNN workshop, Toama, AnoHusa, 13-16 gekabpsa 2010

5. 15 J/lomoHocoBcKas KoHpepeHuusa, 18-24 asrycTa 2011

[My6nunkaumn:
Bcero - 15
B pedoepupyemMbix n3gaHuax - 10:
Acta Phys. Polon., NIM, PRL, IMNMT3, AaepHaa dunsnka

56



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56

