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ations at far detector with high-intensity neutrino beam and precise understanding of
v interactions and flux based on measurements by near detectors.

Measure neutrino oscil

Test CP symmetry breaking (6.p).

World leading 6,5, Am3,, and determine 6,5 octant & the mass ordering.

Precise measurements of neutrino cross sections
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T2K far detector (Super Kamiokande) s
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Great separation between u and e, but limited separation between v and v



T2K Analysis samples at f

u-like samples

1Ring v, sample
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v, CClx™
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. . Event display (MC) .
Schematic view Multi-Ring + 2 decay electrons (Un)oscillated spectrum
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v, CC1x™ has been introduced as an oscillation analysis sample for the first time.

Two rings from 1y~ + 177, and 1 decay electron

One or two rings from 1y~ + 1z, and 2 decay electrons
Parent neutrino energy is ~1.2 GeV, but oscillation effect is still present

Increase muon neutrino sample by ~30%



Event selection for v,CC1 T 6

Event selection of v, CC1z™ Multi-ring case
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Event selection for MR v/,CC1 a :

Event selection of v, CClixnt
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POT = 1.9663x10*!, v mode, 1 decay electron sub—sample POT = 1.9663x10*', v mode, 2 decay electron sub—sample
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Good separation of (1 or 1u + other) and (1u + 1)
final state topologies.

Reduce multi-pion production and DIS backgrounds.



Selection summary 3
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Both one-ring and multi-ring samples are merged into 2-decay electrons here.
Main interaction mode for both samples is v,CC1z™.

2 decay electron sample is purer than 1 decay electron sample.



1, CC1z™ (Reconstructed energy)
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Muon kinematics (p,, cos 6,) are taken as the reconstructed (p, cos 6)) of the ring with the highest energy.
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Far detector fit
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Detine binning scheme for six samples,

Run1-10 statistics used (v mode: 1.9664 x 10%! protons on target (POT) U mode: 1.6346 X 1021 POT)

E,SPOM-QIePn for 1R U, PP 0. " for 1R v, E. " for v, CClx™

Calculate likelihood with marginalisation over nuisance parameters
(sin” @, ,: fixed to 0.307, sin*@;; = 0.0220 £ 0.0007 (gaussian))

Irec

Create contours for certain oscillation parameters with either fixed Ay method or Feldman-Cousins method

Fits were done by Bayesian MCMC as well. In this talk, Ay confidence intervals will be discussed.



Highlight of the T2K latest results 1

Contours by Feldman-Cousins (FC)
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Additional Gaussian smearing (0 = 0.027 X 107°eV*/c*) in Am3, from results of potential bias studies using

alternative neutrino interaction models.

Both 6,, octants are still allowed at 16 confidence level.

CP conserving values are excluc

ed at 90% CL.
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Impact of v, CC1 7t on sin” 051, Am?%2
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All contours are produced with constraint on sin” @, by reactor experiments. sin” ;5 = 0.0220 = 0.0007 from PDG2021

@\

=)

10

LN N 1 OO \O

I

()

(@ e I —

llll]llll[l """""""""" lllllll
— w/ new sample (NH)
--------- w/ new sample (NH)

w/o new sample (IH)

w/o new sample (IH)

s1n°0,,

v

@\

=)

10

won N 1 OO \O

w4

1D

|\ G Iy —

|

— W/ new sample (NH)
--------- w/ new sample (NH)
w/o new sample (IH)

w/o new sample (IH)

Ill |l|lL|1lllIllll |

;w_llllllllllllllllllllllllllllllllllllllllllllllll

2.0y L 7.45 2y 0y 20 2.65

Am;ﬁ (NO) / lAm;1 (IO) [eV

Other improvements from neutrino interaction and near detector fit have been applied.
Interaction model talk: Stephen Dolan (2/8, WG1), Near detector talk: Callum Wilkinson (4/8, WG1)

Improvements from this sample on constraints for parameters (sin” 6,5, Ams,) are small but visible.

~5% improvement wrt 16 error of Ams,

Peak energy in yﬂCC17z+ sample (~1.2 GeV) is away from the maximum oscillation prob. region (0.6 GeV).
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Effect of each analysis improvement 1
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The largest impact comes from updates to the neutrino interaction model
and the near detector analysis.



Joint fit analysis of atmospheric and beam neutrino 14

T2K beam neutrino samples (5 samples) SK atmospheric neutrino samples (18 samples)
cosmic ray
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® Broader energy range and baselines

® Optimised v, flux tor oscillations
® More matter effect due to mantle/core

resonance

Not only adds the sensitivities from both measurements but has a synergy giving additional constraints.
— The sensitivity of SK to the mass ordering is limited by the uncertainty on sin” 6,5, 5-p but T2K can constrain both

Break degeneracies, in particular 6-p-MO and the 6,; octant.
Correlations of systematic uncertainties among two experiments.

T2K and SK flux are uncorrelated, and most detector systematics are almost uncorrelated.

Interaction model: For T2K samples and low-energy atm. samples use a unified model, for high-energy atm.
samples use mainly SK model.



Ocp conservation

Mass ordering

Sensitivity results
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6,, octant preference
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True values assumed in fits: sin® 6,5 = 0.528, Amj3, = 2.509 x 10~eV?/c*, sin”6,; = 0.0218, NO

Ocp conservation
Ocp-independent MO sensitivity from atmosp

neric samples breaks 6-p-MO degeneracy.

Increase d¢p sensitivity in the case ocp < 0 in NO.

MO & octant preference

Atmospheric samples being sensible to MO via mantle/core resonance signitficantly increase the power to reject

wrong MO and to break the 6,, octant degeneracy.
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Joint fit analysis of T2K and NOvVA experiments
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Comparison with other experiments (90% CL)
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Comparison between T2K and NOvVA
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A unified statistical treatment for combined regions.

— Increase sensitivity

A notable synergy to break the degeneracy between MO and Jcp.

Work in progress and we're well on our way to having a combined analysis. Stay tuned!



Prospects with SK+Gd analysis

Neutron tagging by Gd

Presence of neutrons in T2K data

Plan of Gd loading
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0.03% Gd concentration in this July
(Fraction of n-capture: 50%—75%)

presense of neutrons

Neutron tagging with Gd is expected to reduce background to Diffuse Supernova
Neutrino Background (DSNB) search and proton decay.

Also, it will open a road for v/v separation for T2K beam.



Prospects of neutrino beam upgrade 1s

T2K Projected POT (Protons-On-Target) Current status
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Details in M.Friend + T. Nakadaira talk
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Summary 19

The latest results from T2K oscillation analysis have a variety of improvements this year.

Adding a vﬂCC17z+ far detector sample is a major analysis update.

nis new sample has sensitivity to parameters, sin® 6,5, Ams,.

ne effect on oscillation contours is visible.

T2K joint fit program of atmospheric neutrino and beam neutrino is underway.
Sensitivity plots clearly show it will have a significant impact on breaking the 6-p-MO degeneracy,
rejecting a wrong MO and breaking the 6,, octant degeneracy.

T2K-NOVA joint tit analysis is also underway.

't will have the power to break the degeneracy between o-p and MO.
SK-Gd analyses are ongoing.

Neutron tagging with Gd will pave the way to reducing the backgrounds to DSNB search and proton
decay.

T2K beam upgrade

Many upgrades to the J-PARC neutrino extraction beamline are underway to aim for higher intensity.



Backup 20

Abstract

Leading parameters

T2K neutrino flux

The other method for reconstructed energy of I/ﬂCC17T+ sample

Systematic uncertainties for SK detector

Systematic uncertainties for all

Data distribution for far detector samples

Data distributions for v,CC12"+1Ru combined samples

Other plots for joint fit analysis

Jarlskog invariant

Event selections (details)



Abstract 21

T2K 1s a long baseline neutrino experiment which exploits a neutrino and antineutrino beam produced at the Japan
Particle Accelerator Research Centre (JPARC) to provide world-leading measurements of the parameters governing
neutrino oscillation. Neutrino oscillations are measured by tuning the neutrino rates and spectra at a near detector
complex, located at JPARC, and extrapolate them to the water-Cherenkov far detector, Super-Kamiokande, located 295
Km away, where oscillations are observed as modifications of such rates and spectra.

The latest T2K results include multiple analysis improvements, 1n particular a new sample 1s added at the far detector,
requiring the presence of a pion in muon-neutrino interactions. It 1s the first time that a pion sample 1s included in the
study of neutrino disappearance at T2K and, for the first time, a sample with more than one Cherenkov ring 1s exploited
in the T2K oscillation analysis, opening the road for further samples with charged- and neutral-pion tagging. The
inclusion of such sample enables proper control of the oscillated spectrum on a larger neutrino-energy range and on
subleading neutrino-interaction processes. Finally, T2K 1s engaged with the Super-Kamiokande collaboration to combine
T2K neutrino beam data and Super-Kamiokande atmospheric data to perform a joint fit to the oscillation parameters.

Such combination allows the degeneracies between the measurement of the CP-violating phase 6CP and the

measurement of the ordering of the neutrino mass eigenstates to be lifted. Precise evaluation of the enhanced sensitivity
of this joint fit will be presented.



eading parameters

v, = U, appearance

. . . Am?L
Py, = v,) ~|sin“(0,3)s1n°(20,5)sin" | 1.27 3

P(I/ﬂ - U,) — P(Dﬂ - U,)
Py, - v,)+Pv,—>1,)

v, — v, disappearance

. . Am?L
Plv,—-v)~1- sm 1.27 3
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Analysis strategy 23
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-------------------------------------------------------------------------------------------------------------

.............................................................................................................. Near deteCtor mOdel Far deteCtor mOdel
Hadron production model | et e
Flux tuning Neutrino interaction model
v Vo T Y
Neutrino flux prediction —m Near detector fit —> Far detector fit
Give robust flux priors Constrain on systematic Constrain on oscillation
parameters parameters

Bayesian approach: Spontaneous fits of near and far detector fit with MCMC

Frequentist approach: Sequential fits of near and far detector fit with Minuit minimiser
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12K neutrino flux
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The off-axis angle has been tuned so that oscillation probability comes to be maximum

under this condition.



Formulae for reconstructed energy of v,CC1z™ sample o5

Modified form of the one in p12 1232 MeV Jccq-ine _ 2EMy — Ey) — M7 + 2M,E, — Ej + M, — M,
R E
T e 2(M, — E, — E; + P;cos 6)
Thypothesis |2 2 2 2 2
y CCA 2]\419\/ |p/7f YPORERE | T Mﬂ+ T MA++ o Mp _ Mzz Reconstructed neutrino energy
L. — for CCQE-like interactions
) ( Mp \/ ‘p;fhypothesm‘ + M + n ‘ pﬁ' +hypothesis ‘ COS (9/7;+hypothesis> E,: Bin ding energy (27 MeV)

Reconstructed momentum and direction of the ring with larger energy loss
by 2-ring 777" hypothesis

The other method

2 2
E} vﬂCCA++ _ 2M(E, + Ep) = 2py - Ppe — Mz — M,

2(Mp—Eﬂ—Eﬂ++ \pﬂ\cosé’ﬂ+ \pﬂ+|cosé’ﬂ+)

This formula is subject to relatively large pion FSI + Sl uncertainties.
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SK detector systematic uncertainties
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Analysis sample

Reconstructed v energy (MeV)
FHC MR,

FHC 1R.
1d.e

FHC 1R, RHC 1R, RHC 1R,

FHC 1R.

Almost no correlation between conventional samples and v,CC1z sample. Small
ises from fiducial volume and decay electron tagging.

correlation ar

Fully correlated uncertainty will be produced for the next iteration of oscillation analysis.



Systematic uncertainties for all

27

1R 1Re
Error source (units: %) FHC RHC || FHC RHC FHC CClx* | FHC/RHC
Flux 2.9 2.8 2.8 2.9 2.8 1.4
Xsec (ND constr) 3.1 3.0 3.2 3.1 4.2 1.5
Flux+Xsec (ND constr) 2.1 2.3 2.0 2.3 4.1 1.7
Xsec (ND unconstrained) 0.6 2.5 3.0 3.6 2.8 3.8
SK+SI+PN 2.1 1.9 3.1 3.9 13.4 1.2
Total 3.0 4.0 4.7 5.9 14.3 4.3

IR I MR 1R«
Error source (units: %) || FHC RHC FHC CClz* || FHC RHC FHC CCiz* | FHC/RHC
Flux 2.8 2.9 2.8 2.8 3.0 2.8 2.2
Xsec (ND constr) 3.7 3.5 3.0 3.8 3.5 4.1 2.4
Flux+Xsec (ND constr) 2.7 2.6 2.2 2.8 2.7 3.4 2.3
Xsec (ND unconstr) 0.7 2.4 1.4 2.9 3.0 2.8 3.7
SK+SI+PN 2.0 1.7 4.1 3.1 3.8 13.6 1.2
Total All 3.4 3.9 4.9 5.2 5.8 14.3 4.5

SI: Secondary Interaction, PN:

Photonuclear e

s

ect

For 1R u-like samples, the errors are bit increased.

This is partly because we used more xsec parameters which have

oriors.

T2K Run 1-10, preliminary

more conservative



Data distributions for v/, CCH 77+1R combined samples 28
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Data distributions for far detector samples

3

—
. ) i —+ Data i
p-like 1Ring v, 20 | —Bestfit
O - S L1
= 180 1T Banas ]
Q . 1L |
E 1501+ A I e Data _
L i 1T . * Best fit |
=5 . 1L
é 120 —_ _— —_ T2K Run 1-10, 2022 preliminar;
90 10 7
60| 1 -
30 1 :
"0 00
Reconstructed energy [GeV]
401 N
. . - —+ Data -
e-like 1Ring v - L Comeanit
© 20 ' T
'?D 180'_' i L I B ]
QO N | _
E 150+ — e Data _|
2 i i Best fit ]
=5 . - |
é:: 120 —_ —_ T2K Run 1-10, 2022 preliminary_—
90 - N
60| - .
30:_ :_ .:.. ° _:
O |_| L i C e ]
20 10 00 200 400 600 800 1000 1200

Reconstructed momentum [MeV]

5 I L e
. . - N —+ Data i
,[/l-llke 1R|ng l/ﬂ 10E — Best fit .
B ‘l 1 "||| ]
0_ 'I' LI AL 1
— 180T : B :
L - B i
E 1501+ - e Data ]
. i - Best fit |
20 B B ° 7
QQ: 120 —_ —_ 0y T2K Run 1-10, 2022 preliminar;
0 - ' .
60}~ - :
0o T
o o o e o LA
0'_""""' i ....|.-. LN
100 50 OO 0.5 1 1.5 2 2.5 3
Reconstructed energy [GeV]

-+ Data

o -
e-like 1Ring 7, -~ TRt
= han i Tuss oS SN RN EEE

o 180 T BB | R
P) i i il
E 150~ — * Data _
& i i Best fit ]
&0 _ _ i
g 120 —_ —_ - T2K Run 1-10, 2022 preliminary_—
60 - -
e - :
O_I....I.... I R B B R B R

10 5 00 200 400 600 800 1000 1200

Reconstructed momentum [MeV]

u-like MR

Reconstructed momentum [MeV]

g 22:' I L L L L
% 20 E_ T2K Run 1-10, 2022 preliminary _l_ Data _E
) 185_ Best fit _E
%« 16F E
1.5 14;_ 1 _;
120 Lit] T :
1 10 1 (L =
8 L 1'T E
105 oF LT E
aE E
2 ‘ -
_0 O: | 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 |:
0 | 2 3 4 5 6
Erec (GeV)
e I :
. . _ —+ Data i
e-like TRing v, + 1d.e.10F _|_ b
O: | L —. 1 | Y I P I ]
. ED180._ - SEREREERRREEERERERRE )
. E 150__ 1 L ® Data ] '
O - - : .
'gb - — [ . Best fit 1
= 1201 i — —0.3
0.4 <C - - T2K Run 1-10, 2022 preliminary -
o —H T =02
0.2 60_— -—_ B ]
e ' 1 o1
301 % N ]
O L L _
[ | S N B o
5 00 200 400 600 800 1000 1200

29



Overview

Define samples and binnings

p-like 1R samples e-like 1R samples p-like MR sample

(2 samples) (3 samples) (1 sample)

Elepton elepton

lepton
rec wrt v E

Binning: Binning: Plepton_glepton Binning: E.

wrt v

Calculate maximum likelihood

LN, x 0,0) = ] [LV,x0, 0,0)] X Ly (F)

sesamples

!

Marginalization of likelihood over systematic parameters

H LS(NSObS’ Xobs, 0, fz)

sesamples

1 N
, ( deLSyst(f) - Z >

1 N
Lmarg( Nobs, Xobs — N 2
i=1 i=1

Typically N=100k

|

Fixed y°

Feldman-Cousins y?

Far detector fit

Angle [deg]

30

u-like MR

,u like TRing v, e-like 1R|ng v,

# of events
o

Best fit

4 3 i
11111 EEL ™ zﬁ”ﬂm

20 10 00 200 400 600 800 1000 1200

Reconstructed momentum [MeV]

Erec (GeV)
Reconstructed energy [GeV]

6 samples are used in this fit.

other three samples: y-like 1Ring 7, e-like 1Ring 7,,, e-like 1Ring U/,+1 decay electron

Likelihood function

N°8: the number of candidate events

x°%: measurement variables (1D or 2D vector)

0: oscillation parameters (flat priors except for sin” @, ,, sin” 6, ;)
sin” @, ,: fixed to 0.307, sin”;; = 0.0220 + 0.0007 (gaussian)

I: systematic parameters (from near detector fit)

Lmarg(o)

max
Lmarg

Fixed y* = =2 X In




Impact of v, CC1 7t on sin® 0,3, Ocp

’é 30— L L L L L L 5 4O—| L i . o o e —T— 5 o e
Z i — w/ new sample (NH) _ é | E — w/ new sample (NH) E
N 25:— --------- w/ new sample (NH) —: a 35:_ --------- w/ new sample (NH) —:
A)(Z - w/o new sample (IH) . A){Z 30:— w/o new sample (IH) -
0 w/o new sample (IH) ] R - w/o new sample (IH) .

" - 25 =

151 - 20F -

: : 15F .

10— s N0 — 5 .

i - e o N
T - e o

0 I T T e e i'1".".".".'1".".".".'1".".".".: 0 :1,"1" """"'"f;l"i"l"'l"l "I"T"I"T"‘"l"'l"l'"l"_f"1"'1"'""'";"'"f"l"f"':
0.018 0.019 0.02 0.021 0.022 0.023 0.024 0.025 0.02 -3 e =1 0 1 2 3
sin2613 8CP

This sample has little impact on these parameters which are driven by e-like samples.

31

All contours are produced with constraint on sin® ;5 by reactor experiments. sin”@,; = 0.0220 £ 0.0007 from PDG2021



Probability Density

Jarlskov invariant (J-p) 32

Jcp distributions marginalising over both MO (MCMC analysis)
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I 20 credible interva : 0551 Different priors for 6 are used
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I LHH 5 ] 0.4
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Can explore the poter

probability and credib

tial CP violation in the lepton sector by looking at the posterior
e intervals for J-p



Other plots for joint fit analysis s

10 sensitivity to Oqp

SK+T2K Preliminary Sensitivity SK+T2K Preliminary Sensitivity
c_ '% _1_ I 1 1 ] 1 ] 1 T 1 [ L 1 L "N ] 1 1 ] T 1 1 1 ] T I -'1,_ 'D_‘ 3 —L 1 1 1 1 ] 1 1 T 1} ] 1 1 1 l ] 1 1 1 1 l 1 I 1 1 ',1;
- O o 5 = B T — 2
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_3 :'T'l 1 1 | 1 AA _3 :'I‘. 1 1 1 1 1 1 1 1 1 1 1 l 1 1 1 1 l 1 /I:
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T2K (sensitive to sin d-p) contours have cos o-p degeneracy in particular around regions
of (true 6 = 0, titted 6 = * x) but SK measurements (sensitive to both sin §-p and

COS Ocp) in combination with the T2K measurement seem to break this degeneracy.



Fvent selections (detail)



Selection summary

Interaction mode | 1-decay electron = ﬁ?;lee:;ion% Purity (%) ezlgcj:?r(z;ys = ﬁ?;leer::;ion% Purity (%)
________________ b CCQE f e s T s B8 T
S 7AS oL AN N2 S R 61 %23 ] 36 8 9
________________ v, CCla° 12 e - f e o 2 =
L by CCmutz ) 8S LA S SR IS e o S .
_______________ vy,CCbis f oo oo o o e T
_____________________ TR o NN Nt N LSS SN N

v,+v,CC 0.1 0.7 — 0.0 0.4 —
"""""""""" NCal | 25 e — | 20 e -
 TotaiMC | 90 - - | e - =
"""""""""""" Data | 62 - - 73 ' — ' -

*Selection efficiency = (number of selected events) / (events passing the cuts up to fiducial volume)
*Purity = (hnumber of selected signal events) / (number of total selected events)

Assumed parameters: sin” 0, = 0.307,sin* 6,5 = 0.022, sin* 6,5 = 0.561,Am3, = 7.53 X 10™°eV%, AmZ, = 2.49 X 107%eV?, 5p = 1.601

Main interaction mode for both samples is v,CC17x™.

2 decay electron sample is purer than 1 decay electron sample.
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1, CC1z™ (Event selection)

Event selection of v, CC1 I

" <Fully contained>
" <Visible energ

E,. > 30 MeV

(L /L) > ¢y + ¢y X pmin

ln ¥/ e

electrons
Selected samples

electrons

Sum of £ > 300 (MeV)

Selected samples

Fully contained

The number of hits in the outer
detector should be less than 16.

Reduce backgrounds of charged  =--f...*
particles entering SK water tank.

FC

Visible Energy

e—like y mu—like y -m,p—like -
The sum ot P, ™/ El/E » 7 of rings

depending on each type of ring.

Reduce contamination from neutral current
InNteraction.
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1, CC1z™ (Event selection) 37

Event selection of v, CC1 T

— 21 .
POT = 1.9663x10*', v mode, FC, Evis, mask, 1dcye POT =1.9663x10", v mode, FC, Evis, mask, 2dcye
<Fully contained- «o0E- W NC 40 B NC
= Fe-- - o B =
N = s v+ V, CC N - ““"Xe+ V. CC
+— 55E nVCC -+ 35 ‘VMCC
T . GC) 50 :_ - v” CC DIS GC) E - Vll CCDIS
<\Visible energ > = mesons (g . > L BE £y CC multi-n
o S toeea vy CC multi-n ) 30 ! — W .
= 4 W v CCIn - B r. v, CCln
—— - B e i
E > 30 MCV O 40 - e . O B toeees v CClIn
Vis % v, CCln 25
= 35 | S - . [ v, CCQE
) 2 [ v, CCQE ) = — — All with oscillation
QO 30 uir.. — — All with oscillation QO 20 5 Dl 110 ol
1 2 or more g 25 | ‘ —¢— Data runs 1-10 v mode :Ej fqdwall _>2m
fqdwall >2m 15 it ;
] | » = .
() )
c 15 c 10
= ol = :
"-'»:M H 5 E ‘ - :
h N ’ L1 1 e 1 R e g [ e P — P';':‘r'!,-.—m = 0?"1 1 | B D B s e e — 1 =
P 1Y 0 2 4 6 s'; 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
<Fiducial volume : .o . : oo :
Dwall by fitQun best multi-ring fit (m) Dwall by fitQun best multi-ring fit (m)

Dwall>2 m

-0g-likelihood ratio-

In (LM/Le) > ¢y + ¢ pr;;,in

,,e, Play a complementary role of
" Lnom/ L) < the fully contained cut to

electrons reduce entering background.

Selected samples

-

electrons

Sum of £ > 300 (MeV)

Selected samples




1, CC1z™ (Event selection) 38

Event selection of v, CC1 I

~ully contained>
<Visible energ

E,. > 30 MeV

POT = 1.9663x10!, v mode, 1dcye, fqdwallmr>200 cm

13
12

11F
10F

<]

-BUIQ\\]OO\Q
I T ITT T TTTTGTITTIT]TT]

— — All with oscillation

—4— Data runs 1-10 v mode

‘*““h'i |
I

ﬂ‘lnﬁilm“m T .“""--
00511522533544555566577588599510

E%OSS + E%OSS by 7z fit (GeV)

The number of events

(L /L) > ¢y + ¢y X pmin

ln ¥/ e

Reduce NC1z™ background
Les) < (NC12™: Uepion + P = Viepton + 7+ + 72

electrons
Selected samples

Sum of E. > 300 (MeV) 7+ tends to oroduce less light than y from CC interactions.)

Selected samples

electrons

n" can mimic u if it does not create a secondary ring.




1, CC1z™ (Event selection) 30

Event selection of v, CC T MC Data MC Data

POT = 1.9663x10”", 1dcye, fqdwall _ >200 cm FHC run 1-10, 1dcye, fgdwall _ >200 cm POT = 1.9663x10*, 2dcye, fqdwall _ >200 cm FHC run 1-10, 2dcye, fqdwall  >200 cm

SO C 2
§ 1000c - {"-,1,-2; i’:-f_,f,‘,;"}: % —0.2 B .
C —0.0 C C i C .
E : Y - % —o.1g 000
- B> - (0035 - . - - L6
— P k 2000 k = : - ke _ -
— _1000F e - o 12
- Noes - : Moz 4 L i-;_;._
C \5 C .- C & 0 /:,.t-»-"’
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- - o 08 —1000- 0.8
- o015 —1000F S e 0.08 ~1000- .
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— ~2000 7 = aE —2000—
- g - - 0.04 B —0.4
- vy CClI* 0.005  —3000[ & v, CCln* 002 ~3000E i,
L e w0 L e e e T e E) T e ey oy e
p,, (GeVic) p,, (GeV/e) P, (GeVic) p,, (GeV/c)
1 decay electron ="V 2 decay electrons =V
POT = 1.9663x10*', v mode, 1 decay electron sub—sample POT = 1.9663x10*, v mode, 2 decay electron sub—sample
. . 40i— - Other 4 SE— - Other
L__: Likelihood (LLh) of the : . ; T
: L e BE 1 1 40F W 1
iduci = two rin othesis 3 [ 1+ other 25k U e b other
—Fiducial volum g nyp ' g ¥ iy 2 % .
Swall oo where both rings are assumed £ »- 23t otter : WF 1203 1+ other
wal>Zm = i ' 1+ 1n = 25:_ ..... ;
. 5 b ) 5 ast o
to be r~-like T T ' g f
1 00 'IlkellhOOd ra '10= * g B — — All with oscillation g 20 R
2 15:— 4 Data runs 1-10 v mode 2 155 — — All with oscillation
. - T2K preliminary C —¢— Data runs 1-10 v mode
1 C
LB OzR. th e | a rg eSt I_ I_h 05 + + 10— T2K preliminary
+0g-likelihood ratio- i 5| s
‘1‘ of Lee’ Leﬂi’ Lnie ok S z
—1000 500 0 500 1000 1500 2000 2500 3000 f000" =500 0 500 1000 1500 2000 2500 = 3000

(best of the other 2ring-
decav >decay " hec: In LBest of other 2R/L7m
electrons electrons . ypotnesis)

@ Selected samples Good SeparatiOn Of (1/4 or 1/4 + Other) and
(14 + 1nx) final state topologies.

Selected samples




