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Introduction, Summary of Data
Taking and New (official) Results

— ckj

Future Sensitivity Study Report
— Megan Friend (KEK)
Summary and Beam Request
— Takashi Kobayashi (KEK)

New “Work-in-Progress” Results

— ¢k, in closed session
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“T9K (Ell) Physms Goals
. 'based on T2K LLOI and J-PARC P11 _

. Discovery of v, 2 v appearance by extending the
search down to 2sin? 20, ~ sin“26,, = 0.006, thereby
probing that 6,; # 0;

. Precision measurement of oscillation parameters in the
v, disappearance with preC|S|on of 6 (Am?;,) ~ 10+ eV?
and J (sin?26,,) ~ 0.01 (~1% level); and

3. Search for sterile components in the v, disappearance.

= Approved data taking: 5 years (5 x 10’ s) @ 750 kW
corresponding to 7.8 x 102" POT with a 30 GeV beam

= 12K Report to J-PARC PAC provides a comprehensive
status update of the experiment and present updated
physics goals in light of the recent advancements
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Pontecorvo-Maki-Nakagawa-Sakata (PMINS)
“Lepton Mixing Matrix (a la CKM matrix)
( v, \
weak mass
eigenstates | Yu | = eigenstates

\Vz ) \V3/

1 Dirac Phase = CPVE

Three An Ies

ra @T’@
UPMNS_ 0 +cy "‘@ =S Tl

c; =c0s(6;), s; =sin(0;)  ztmjaccelerator accelerator/reactor solar/reactor

If v is majorana particle, 2 more extra (Majorana) phases
# of extra phases =N -1 (w/ N = 3)
CPV in lepton sector could be A KEY to understand the origin of
_ matter dominant universe (LEPTOGENESIS)
N
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3-flavor Neutrino Oscillations
(in Vacuum)

P,

For three generatlon Ve appearance (accelerator experlments)

P(v,—v )m 2.5111 —+ subleading terms

Sensitivity to 0,; octant
Full appearance probability includes term that goes as sin(d):

CPV term o« +£in0,,sin0,;sin0,)sin & Sensitivity to CPV-6

Sign flip for neutrino vs. antineutrino  Néed non-zero value for all three I
mixing angles including ©__

Complementary

For anti-v, disappearance (reactor experiments)
P(v,—v,)=1-4C;S};- ( hsin® Ay + S sin® A, )"’ 485,CLClysin’ A l
No CPV-6 dependence, Pure 6,;, measurement

) ¢ W, A ~
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Full 3-flavor ’Vu Disappearancé beﬁability
‘ (in Vacuum) SR
= For a precision measurement, the next-to-leading term must be
included in the fit due to the non-zero and relatively large 6,5

. ¢ R ¢ . € 2
P (v, = v,) ~ 1 — (cty sin® 2645 @ sin2 )\8\11’12 AmyL

Leading Next-to-leading NON-Z€ro
is different between 15t/2"d octants

J

= The next-to-leading term contains sinZ6,, while the leading term
contains sin?26,,

- Natural to fit sin?6,; not sin26,,

= Oscillation maximum occurs at 6,; ~ 45.74° # 45° maximal mixing
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- Current Status of
Neutrino Oscillation Parameter Measurements =

= Known Mixing Angles
. 812= 33GOi 100
o) .- 823= 4soi 60 (900/0 CL)
T__ g - largest uncertainty
sV = Remaining Unknowns
— Mass ordering (NH or IH?)
- 0,5> 45°, = 45° (maximal)
or < 43°

- maximal mixing may
indicate a profound
hidden symmetry

Critical for the v-less double-f3 : Lzegggg[%%%ttessgﬁ

decay searches that would ~ A2y, 6,5 6,5 dop and mass
determine the Majorana-nature of v ordering
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Rnnlng Status Duril‘lg‘ Run 4
(Oct. 2012 ~ May 2013)

= T2K Physics runtime fraction was 82.6%
— Accelerator trouble (11.2%), Accelerator tuning/study (1.3%)

— NU trouble (3.0%), NU tuning/study (2.1%)
- NU trouble was much smaller, compared to the previous runs

= Total delivered POT is 6.72x102%° (6.63%102° for physics run)

— Increase in this period (by May) is 3.62x1020 POT (very close to
the eXpeCtation) . Delivered POT per day

Expected (Solid: 206kW, 80% eff. assumed) B ett er th an

The T2K collaboration (Dotted: 2062200k o0rcabeassuge) EXPECtEd
thanks the J-PARC ;

accelerator division for

their hard work to provide

excellent accelerator

performance

] - ; F
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Protons on Targef (POT) Dehverd,
Beam Power, and Data Collected

Rep=3.52s 3.25>3.04s 2.56s 2.48s
x1019 >50kW ->145kW ->190kW >235kw |

16 bunches

L : 5 6.63x102%pot
E Delivered POT (Good Spill) ' oo L a ) May 8

. Protons per pulse (Good Spill)
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2010 2010 2011 2012 2012 2012

Jul/02 Dec/31 Jul/02 Jan/01 Jul/01 Dec/31
Stable operation at ~220 kW achieved at the end of Run 4
— World record proton per pulse (> 1.2 x 10'*) extracted for a synchrotron

= Total POT delivered: 6.72 (6.63 for physics run) x 1020 POT
- ~ 8.6% of the total approved POT

— Data analyzed for this presentation: 6.39 x 1020 POT (by April 12, 2013) |
x‘_‘f'_. A %
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Strategy for predicting E, and NK
at the Far Detector

A. Interaction of primary beam Neutrino-Nucleus interactions in a

in the target [ FLUKA2008.3d | few GeV region [ NEUT ]
< 11/ K production

(Mainly CERN NA61|)
T2K replica target
<

v flux V cross section

Magnetic Horn

S P

B. Tracking inside horns and He
vessel [ GEANT3+GCALOR ]

Based on vflux X) cross
Evaluate Neutrino flux and section MC models.

neutrino interaction model Prediction at Weighted by using as many
based on experimental data as far detector of external data as input.
much as possible

Further constrain these
SSKCI«'EV predictions by the near
detector measurements.

d*.-p -o”

osc reaction

§ a ." _ . 'Au &
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Results from the T2K VM disépb\éai’ance
Oscillation Analyses

T W
= 2011 results based on Run 1 + 2 (1.43 x 1020 POT)
— 2 flavor oscillation analysis, fitting sin’26,, and Am?,,
— Phys. Rev. D 85, 031103(R), 2012 (arXiv:1201.1386)
= 2012 results (PRL paper) based on Run1 — 3 data (3.01 x 102° POT)
— Use event rate and E,. spectrum (Same as before)
— New analysis w/ spectrum constraint by ND280
— 3 flavor oscillation analysis, still fitting sin’26,, and Am?,,
— Initially assumed 6,; < 45° (15t octant)

— Found that fitting with the 2" octant assumption results in significantly
different allowed region contour

- Two contours for both octant assumptions (for summer conferences)
— Final results with fitting sin?6.,, sin?26,, (for PRL)
= 2013 results based on Run 1 — 4 data (6.39 x 102° POT) closed

— 3 flavor oscillation analysis, fitting sin?6,; session
— On-going investigation of multi-nucleon knock-out processes

3 A \
' 1
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T2K Run 1-3 Results on v, Dlsappearance
Compared to other Resulis

P (v, — vy) ~ 1= (ci3 sin® 263 +@ sin” 2613 ) sin? ATélL

— T2K 3v (8, <m/4) 90% CL
T2K 3v (9 > 1/4) 90% CL SuperK

T2K 2011 2V 90% CL ‘
— MINOS 2013 2v 90% CL
— SK zenith 2012 3v 90% CL

Initially fit sin?20,,

- choice of octant was
necessary

0.004

| (eV3/ch

2
32

©0.0035

IIIIIIIIIT

[

IAm

IIIIIIIIIII.I_

These are not directly

comparable results Y9935

205 ev_ent_s expected 00,0025
no oscillation hypothesis

T2K data —:
——— No oscillation hypothesis 1

T2K best fit

INOS—
v T2K 3v (9 <m/4) best fit

o T2K 3v (9 >7t/4) best fit T2K 3\/ 1st
3 | R | |
Almost complete ; )82 084 086 088 09 092 094 096 098

disappearance of v, 1 Best Fit Points:

_Ll|lil|| IZ | T

Events / (0.1 GeV)

- 58 events observed 1

sin?20,, Am,,? X2/ ndf
0,; <14 1.000 244e-3 56.04/71
0,; 2 /4 0.999 244e-3 56.03/71

Ratio to no
oscillations

Reconstructed v energy (GeV)

‘ !
‘ ] : 4
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Results from the T2K Vv, Aﬁpégrénce
Oscillation Analyses

- PT e

= 2011 PRL based on Run 1 & 2 (1.43 x 102° POT)
— 2.50 “Indication” of non-zero 6,5 / v, appearance

—> This was really the first evidence of non-zero 6,; by a single
measurement

— Phys. Rev. Lett. 107, 041801 (2011) - 658 citations as of 9/21/2013
= 2013 PRD paper based on Run1 — 3 data (3.01 x 102° POT)

— 3.10 “Evidence” of v, appearance

— New analysis w/ spectrum constraint by ND280

— Phys. Rev. D88, 032002 (2013)
= 2013 results based on Run 1 — 4 data (6.39 x 1020 POT)

— Improved near detector constraint

— Employ an advanced fitting procedure (fiTQun) to greatly reduce the
pi-zero background

— 7.5 0 “Observation” of v, appearance

‘:3:,.,.. A \
*~ \ 4
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v, Candidate Events at SuperK
Selection Criteria Summary

(1) Event time within the T2K beam time window &
Fully Contained (FC) Event

(2) Event vertex in the Fiducial Volume (FV)

2 (1) & (2) (= FCFV events) Common for voand v,
3) Number of rings = 1
4
5
6
/) Reconstructed energy (E,.;) < 1,250 MeV
8

All cuts were
Electron-like PID predetermined before

looking at the data
Visible energy > 100 MeV

No accompanying decay electron signal

(
(
(
(
(
(

)
)
)
)
)
) T

° rejection (improved by employing new algorithm)

L ¢
. ‘ \ !
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fiTQun n’ rejection

150 200 150 200 250 ©

7° Mass (MeV/c?) n° Mass (MeV/c?)
= New nt¥ rejection cut

— Employ fiTQun likelihood ratio of 1-ring electron and =’ fits in addition to
reconstructed mass

— 70% reduction of «i” background with comparable signal efficiency

— Total background is reduced by 27%

‘;;- W, AT
A I
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Predicted Number of v, Events and
Systematic Uncertainties

T N A

= An excellent progress has

" Category

"~ Source

Predicted # of events w/ 6.393x10%° p.o.t.
sin?20,5=0.1

sin226,,=0
v, signal 16.42

v, BG 3.17 2.93
v, BG 0.89 0.89
v, v, BG 0.20 0.19

Total 4.64+0.52 20.44+1.80

Systematic Uncertainties

sin220,5,=0

Flux + v int. (ND meas.) 4.9 %

v int. (from other exp.) 67 %
Super-K +FSI+SI+PN 7.3 %

Total 11.1%
Total (2012) 13.0%

3.5%

8.8 %
9.9 %

;“ .
;.'.
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been made in reducing
systematic uncertainties

— T2K has now essentially
achieved the original sys.
error goal (~10% overall)

— Owing to the tremendous
collective effort by:

- NA61, Beam and ND280
groups

- NIWG group
- T2K-SK group
— However much more effort
Is needed to reach ~5%

level sys. error which is
needed to explore CPV

o,
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B D‘et.et(-)r’\'e Candidate Event Selections
A7) Rgconstructed E, Cut & (8) nt? Inv. Mass Cut

(7)+ RUNI-4 data MC w/ : RN g
(6.393x10°°POT) . . - . Osc.v,CC
[ Osc.v, CC sin“26,,=0.1 N
v+, CC i N
vA+v . CC (MC w/ sin*20,=0.1)
B NC
(MC w/ sin*26,,=0.1)

T
Number of events

200

fiTOun invariant mass (MeV/c?)

L ° i
° L
L —4— RUNI1-4 data
- L (6.393x10™’POT)
I I I I I | N I i I Osc. v, CC
B VitV
L VC+VC

1000 2000 3000 | 200 |
Reconstructed v energy (MeV) fiTQun m (MeV/c?)

Number of events
fiTQun In(L_/L.)

(MC w/ sin’20,,=0.1)

Number of events

= (43 ) 38 events

— Remove high energy intrinsic
beam v, backgrounds from = (38 =) 28 events (final)

kaon decays — Remove remaining a® background

‘..(‘"--‘ P~ YA %

‘ 4
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Reconstructed E, Spectrum of the Final Selected
““Events Compared to the Previous Years

’ "

—+¢— Data

| Osc. v, CC i —+— RUNI-3 data 7 —— RUNI-4 data
v, +V, CC (3.010x10%° POT) - Lo 185’0@
v, CC - 7777 Osc.v, CC = v_u+v_ue(‘(?

- NC i 7] Bkg. v, +V, CC 4 = e

MC w/ sin“26,,=0.1 o . — -

( 12=0.1) ! 77 gig\l’\%\/e cC (MC w/ sin’2,=0.1)

- . B

(MC w/ sin*26,,=0.1) - significant

: 7 ! reduction in
7 il /' NC BG

w
—

—

N .
I] —— g %&\%ﬁ%g' R R

0 —e— 0 N A5 S i e L

== 0
0 1000 2000 3000 O 1000 2000 3000 O 1000 2000 3000
Reconstructed v energy (MeV) Reconstructed v energy (MeV) Reconstructed v energy (MeV)

Number of events /(250 MeV)
N

Year 2011 2012 2013 _
POT (10%) 1.43 3.01 6.39 = 0,5=0Is

6 11 28 excluded at
15403 33404 4.6+0.5 7 55 level of

sin® 26, 3(T2K) 0.11  0.08870049 15010039 D0
Significance 2.50 3.10 . Slgnlflcance

Systematic Error (%) on N 17.5 9.9 8.8
.= Observation of v, appearance from a v, beam!

AT

P
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Data Fit Results: Method 1 (p-6)

68%/90% C.L. regions for sin?20,,
Data and best-fit MC distributions for each value of O

T T T T T

Normal
Hierarchy |

Momentum vs. Angle (p-0)

N

Runl-4 data - / 68% CL. -
(6.393¢20 POT) 08 = 90% CL. ]
best-fit sin28,, = 0.150 n — Bestfit
assuming 8.,=0, r 1
normal hiﬂgchy, O 6 N | .

AmZ,=2 4x10° eV? 04 C assumi ng
' sin20,,=1.0

f | L

. 04

200 400 600 800 100012001400 : \ NG T
momentum (MeV/c) % ’

IIIIIIIIIIIIIII]IIIIIIIIIIIIIIIIIII

Momentum (p) Angle () Hierarchy

Runl-4 data C / ]
(6393e20 POT) - 68% C.L._‘
Yz N 90% CL. ]
[signal prediction C / — Bestfit

B -

Runl-4 data
(6.393e20 POT)
+daa
.sigmlped’x:ﬁm
lbackp’m\dpediuim

# of events

assuming
sin20,,=1.0

200 400 600 800100012001400 0 20 40 60 80 100 120140160180 o o Toa T os

momentum (MeV/c) angle (degrees) si1122(‘)13

D W B N ] 00

()

Py ".p"&
' ] : ¢
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Cross-section Measurements

2 - > . LA ¥
FT s WY

Various neutrino interaction cross-section measurement (including on
water) opportunities at T2K

Currently, the largest systematic uncertainty comes from the
uncertainties in the cross-sections from other experimental input

Officialized Results

— Measurement of the Inclusive v, Charged-Current Cross Section on Carbon
in the Near Detector of the T2K Experiment, Phys. Rev. D 87, 092003 (2013)

- v, CCQE Cross-section Measurement Using ND280 Tracker

- v, NC Elastic Cross-section Measurement Using ND280 POD
On-going Studies

— ND280 Tracker: v, CC1xn*, v, CC-coherent &, v, CC-inc, v, CCQE

— ND280 POD: v, NC1x®, v, CC-inc, v, CC-inc & CC1x* (on water)

— INGRID: v, CC-inc & CCQE, v, CC-coherent x

- \
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Summary of
Cross-section Measurements Results

<
(9]

107 :
- CC Inclusive ¢ CCQE cross sectlon

(OS]
N X

('S}
nx
Flux (/cm*50MeV/10*'POT)

—8—— SciBooNE data based on NEUT
—+—— BNLT7ft
NEUT prediction for SciBooNE
NEUT prediction for T2K ]
GENIE prediction for T2K
T2K (o )

—e— (ata ‘

—}— NEUT prediction
GENIE prediction
é‘ v, flux |

J‘i I 1 ‘ I 111 | | | ‘ I | \ | | | L1111 11 1 ’)

‘ .- P
0 0.5 1 1.5 2 2.5 3 3
E, (GeV) E, [GeV
2

(occ)o = (6.91 + 0.13(stat.) + 0.84(syst.)) x 10737
M = 1.261921 Gev

—— ND28O \I u+w \[
NEUT MC

MiniBoone
e NEUT (binned)

2
(OS]

G (cm?*/nucleon)

S}
n
)
W

o

IIII|IIII|\II\|\II\|\II\|III\|III

o

._.
W

]: T2K Preliminary

p—

\|1I||III| |||\I‘\I\]HI]IHlH\]I]IMHIHI[

_‘||||\||||\||\|\||\|\||\||'|\*
'J\|\|w||||||||||||\|\ | I T

;

[

nucleon

2

(OncE)D = (2-24 + 0.07(stat. fgjgg(syst.)) x 10739

nucleon
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Conclusions

- PT e

- _i,..-.\"‘ - .

J-PARC accelerator has achieved steady operation at 220 kW for
much of T2K Run 4

We report a new T2K result on v, appearance based on 6.39 x 1020
pot (only ~8.6% exposure of T2K'’s design goal)

— This is 2.1 times the Run 1-3 data used for 2012 analysis

— 28 candidate events are observed compared to 4.6+0.5,
for sin26,;=0

— An extended M.L. analysis utilizing both the number and p. 6 of the

events excludes 6,; = 0 at the 7.5 o level of significance (5.p= 0,
sin?20,;= 1)

- Note: the result depends on the assumptions on other neutrino
oscillation parameters, such as sin?6,; and d.p

expected

— Substantial improvements in analysis have been achieved

— This demonstrates the power and elegance of the off-axis beam
technique

x“‘

N\ -
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conclusion continues ...

3 FT a6 - . > .-;.‘-.\'v‘,'-

“Observation of v, appearance from a v, beam” has now been made

— The (original) primary physics goal of T2K has been now realized

— This is the first time neutrino oscillation is observed in an “appearance mode”,
i.e. an explicit flavor appearance is observed from another neutrino flavor

— This opens the door to study CPV in neutrinos

Physics goals for the post non-zero 6, /v, appearance era are now
clearly defined for T2K and the world neutrino oscillation community

— Determination of §.p, mass hierarchy and 6,5 (=0, <45, >457)

— T2K along with NOVA will lead the world in determining these parameters at
least for the next decade

Non-zero neutrino mass is an indication for physics beyond the Standard
Model

Nature kindly gave us the non-zero neutrino mixing angles and
v, appearance in order for us to be able to probe CP violation

- \
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Stability Measured by INGRIDZ* 8.

Neutrino Beam

- PT e
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= POT normalized v event rate is very stable (<1%)

= Beam direction is controlled well within the design requirement
of 1 mrad (=2 2% shift in the peak energy of v spectrum) ",

..;‘ . i
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T2K Data Taking at SuperK

= Very smooth data taking Well defined beam

— Data taking efficiency ~ 99% SR S IO

FC Events RUN1+RUN2+RUN3+RUN4 FC events
' . (as of Apr. 12, 2013)
Run3 Run4

I RUN1-3 (3.010x10*°POT)
I RUN4  (3.383x10”POT)

i i
i o >

UN1+RUN2+RUNS |
3.01x10%4 POT) €

“RUN4
Jan 2010 HYys012 5535 4020 po)

4 ~ Oct 2012 — Apr 2012 _ ] l i
P ks testpvalue 42% bt ik L

: 1000 0 1000 2000 3000 4000 5000
20" 30
POT (x 10 %) AT, (nsec)

:‘-:..‘ A
f: %
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APFIT and 4TQun

= APFIT: sequential algorithm to reconstruct
general event topologies at SK

— Time-based vertex fit

— Hough transform to identify Cherenkov rings
- Select signal CCQE events with 1 ring
- Reconstruct ring direction/energy with forward hits
- e/u particle identification with ring sharpness

— POLFIT: dedicated 2-ring fit to identify ° events

fiTQun: new likelihood-based algorithm

gredictive model estimates Q/T at each PMT with
track parameters for each hypothesis (e/u/11/p)

Simultaneously extract parameters with likelihood
fit to observed Q/T at each PMT

Multi-ring hypothesis built by superposing
contribution from individual rings

£

¥
| 1
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fiTOun PID and 7’ Reconstruction

Fitted likelihoods allow hypothesis tests
Particle identification:

— expected light profile from each hypothesis encoded
in assumed Cherenkov profile

— e/u/tmt/p identification by comparing fit likelihood from
each hypothesis

* Ring counting:

wR e e e s as — compare likelihood of (N+1) ring fit vs. N ring fit
. flTQun n:o flt

— Reconstruct by identifying two rings from m° — y +y

12 parameter fit hypothesis includes two conversion
lengths (s1, s2)

— Previous algorithm:

- 3 free parameter (2nd ring energy fraction and
direction)

other parameters fixed from single ring fit
- charge-only fit with simplified model for scattered light
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APy Defet(-)r‘v\'e Candidate Event Scletiion:
(1) Beam Timing & FC

satellites

\‘

" »e
. ’ :
' GPS @ éé E ' RUNI-3 (3.010x10POT)
y . % / N £§ I RUN4  (3.383x10™POT)
Vs \\. /‘/ | ' ' ' ' ' ' ' '
/ | ' ' ' ' ' ' ' '
/ ; RN [ A T R

\

\
\

/ ,
/ /
/! - N\
\
f ’ ya N
/ / \
\
/ , \ \
’ / \ \
/ <

I

J-PARC
/‘W‘\

L N O | | L s | ! !
ATy=Tox- T,.papc - TOF 0 - / 7000 0 1000 2000 3000 4000 5000
. -0.5ms AT, (usec) ) AT, (nsec) +5us

Number of events/20usec
Number of events/100nsec

Ju—

= Clear beam bunch timing of J-PARC Off-Timing FC

beam observed (GPS sync) Observed  : 11
Expected BG: 5.8

= 532 FC in-time events detected p-value (>11) : 3.5%

— 0.7 expected background events

P
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" Far Det.et(-)r’\'e Candidate Eife-ni‘ifSAejction.
(2) Within FV

Black dots: Run 1-3
Pink dots: Run 4

Vertex Z (cm)

T T o T T T

Vertex Y (cm)
o

Inner detector wall

FV boundary (2m from wall)

'20(?(;)6[[[1()[(*)"'0"'
Vertex R? (cm?) Vertex X (cm)

—4— RUN1-4 data (6.393x10*POT) I —4— RUN1-4 data (6.393x10*°POT) | (5 3 2 9 ) 3 6 3 F C FV
— MC (w/ 2-flavor osc.) N — MC (w/ 2-flavor osc.) é
events detected

— 0.008 expected |
background events (/.

\AUTRIEAS
++H++++ T 1 fH — Reduce event

‘ | | I reconstruction

| KSOO‘ IlOOO' ‘1500I :1000 0 1000I l 0 :
Vertex Dwall (cm) . systematic errors 2

_+++++4+7
T+

Number of events
Number of events

BN » G
F A L

‘ .
_ ] : ¢
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“Far D‘et.et(-)r’\'e Candidate Event Sclettidng
~(3) Single Ring & (4) Electron-like PID

—+— RUNI-4 data i <
(6.393x10*’POT) —+— RUN1-4 data

[ Osc.v, CC (6.393x10”°POT)
v+, CC | [ Osc.v,CC
] v 4V, CC [ v, v, CC
I NC . T vy, CC
(MC w/ sin*26,,=0.1) - I NC

(MC w/ sin’26,=0.1)

INUIIIDET O1 €VCIILS

: e-like

MC distributions
w/ sin%26,,=0.1
is not a fit. Itis
just for a
reference.

v

0
Number of rings PID parameter

= (363 =) 186 single ring events
- 38 single ring e-like events

— Enhance v, CCQE events

x“'
_‘.'.
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10 Assumed Parameter Values
Parameter Value
Am3, 7.6 x 107%eV*
Ami, 2.4 x 10~3eV?
sin’ 20,5 0.8495
sin® 203 1.0
sin? 2013 0.1
dcp 0
Mass hierarchy Normal
v travel length 295 km
Earth density 2.6g/cm?
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—
c
O
>
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i
o
S
S
£
=
Z.

-

1000

—— RUNI1-4 data
(6.393x10’POT)

B Osc.v,CC

v+, CC

[ v+v, CC

B NC

(MC w/ sin*26,,=0.1)

2000

Visible energy (MeV)

= (58 =) 55 events

— Suppress NC background and

decay electrons

x“‘
gt *

‘ .
f.zi J-PARC PAC Meeting, September 2013

3000

Number of events

Chang Kee Jung

4 “Far _Dei.:et-or’ve Candidate Event Selection:
~/(5)Visible E>100 MeV & (6) No Decay Electron'

.

—— RUNI1-4 data
(6.393x10’POT)

B Osc.v, CC

v+, CC

[ v+v, CC

B NC

(MC w/ sin*26,=0.1)

1

2

Number of decay-e

= (55 2) 43 events
— Suppress invisible m or u

Q"

9 z.
. .
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Vertex Distribution of the Final v, Sampl

PT R - AT

Entering BG
events from
interactions in OD

. Vertex Z (cm)

PR S N SN NN NN NN NN T NN SN N N RN AN _)MIIIIIIIIIIIIII
-1000 S /- 1000 2000 3000

Vertex X (cm) ':B:' Event outside FV Vertex R? (cm?)

I dwall of FC Events - . Fromwall Il to Beam of FC Events - - O » 03i0 ] 009

LRI B BLALL N LN B e L BN B NLEL R BLELELEL N LBLELELEY B

I Siznal v,
[ Beam v,
I Beez= v
[ Beamv,
[ Beamv,

< 10° is estimated to be: J

B Sigmal v, .
By events
i

fromwall // to beami — 0O(0.1%) of FCFV .,
P=8.9% v, candidates

dwall
P=20.9%

I\

lllllllllll‘llllllll

IIIIIT]TIIIII_‘

200 400 600 SO0 1000 1200 1400 1600
(cm)

9 z.
. .
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Data Fit Results: Method 1 (p-6)

Runl-4 data Y - Runl-4 data

(6.393e20 POT) - (6.393e20 POT)

best-fit sin’26,, = 0.150 o best-fit sin*26,, = 0.182

assuming 8.,=0, normal hierarchy, C assuming &.,=0, inverted hierarchy,
Am3,|=2 4x10” eV?, sin*26,,=1.0 n Am}, =2 4x107 eV?, sin’26,,=1.0

|1II||I|||Il|||||II[‘|_|lJ|AI|l|

P e S T W S T SR T SR N S S SR

0.1 02 03 0.4
sin22613

Assuming 0,=0, sin®20,,=1.0

S

0.039 Best-fit val / 68% 40.046 Parameter
in2 = =+0.0 est-fit values w/ 68% 0 -
> 2813 0.1J0_0-034 confidence intervals 0'182—0.040 AZ%; o4 . 10-30V?

. 2 c
Assumed Parameter Values R8s 0.8495
sin® 2653 1.0

sin” 26,3 0.1 (or 0)
= 0,,= 0 is excluded at 7.50 level of significance Kes

. =» Observation of v, appearance from a v, beam!
;:‘_‘:“. Y

‘ 4
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Effect of 6,; Uncertainty

Norma
hierarchy

2A'77 32L AT L A 68/r(:.L.

4E, = Y e

= Oscillation probability depends on £ i

sin“0,; (octant) 1t N iy
PDG2012: sin?(26,5) > 0.95 L | ATy

- sin20,;~ 0.50+0.11 af .

- 0,5~ 4516.5° ‘ 5in®20,

Reducing uncertainty on sin?6., is critical 5 3f S , "f“’e’ted
. T \ hierarchy
for further improvements

2k \ A 68% C.L.
PDG2012 u .5 | ‘”g -g:
I | ] 4 $in"0,,=
reactor average o A g in’6, =0.€

— xln'HAf 6

value (0.098+0.013) - rf 47 Reacioe Iorangs

1

L

¢ 1
26’ 3181 112201 3 sin

RN SREw|

bl 0 T T T

~

.6

Runl-4 data (6.393¢20 POT) 4

T2K’s v, disappearance £
study will play a leading role. : 158 A2

0 02 0.4
(NOTE: These are 1D contours for various values of 0.p, NOT 2D contours)
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