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T2/K\ Outline

* Neutrino oscillation review
* The T2K experiment

e Results this winter

2

— Update to v, disappearance: sin“28,; and Amj,

— Finalized v, — v, appearance observation
— New joint v, +v, analysis released for the first time

* Future prospects
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T2/K\ Neutrino Oscillations: Current Status

Normal hierarchy Inverted hierarchy
P(v, >Vy)=8,,—4> ReU,U,U, Uy, )

L
-2 1 2 vV — \%
U, sin (4Aml.j = 3 2 Am?,
Oscillation =] vV

2
Probability L (NH) Am32
| o * . 1 2
+ 22 Im(U,,UpU, Upg; )sin (gAmij E) (H) A
i>j v \4 13
2
L: source-detector distance ‘ Am;l
E: neutrino energy Vi V3 —_—
cjj = cosb;;
sij = SiIlHij 1 O O O —16 O
13 13¢ 2 Am2, =7.587022 510V
Upvs|=11 0 €3 523 0 1 0 —S;, ¢, 0 o2 | 015 PR
) 2o 1] |amh| =235 x107%ey
13

SK, MINOS, K2K, T2K: T2K, MINOS; DB, RENO, DC: KamLAND; SNO, SK:
sin?(26,,) > 0.95 (90% CL)  sin?(28,,) = 0.098 + 0.013  sin?(26,,) = 0.857 + 0.024
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T2/K\ Neutrino Oscillations: Remaining Questions

* Mass hierarchy, sign(Am?;,)? 26 N E Combination of
— Sensitivity from matter effect — | = - different baseline
* Is B8,, maximal? If not, which octant? experiments and

anti-neutrino

 CPviolation in the lepton sector?
measurements

T2K producing precision measurements of... will help lift

N ; parameter degeneracies
v Disappearance
P(v,—Vv,)=1—=(cos* O ,sin’ 260, +sin’ 20,,sin" 6, )sin” A

* andv,— v,Appearance

(1 Fx)*

SN o
a2 ) sin“[(1 F x)A]
P(vuﬁve) =~ sin”20,, X sin 0,

A $inxd) sin[(1 F x)A] Am3,
x IFx)  Am?

Fsino,,sin26,,sin20,, sin26,, sin

...towards an understanding beyond the Standard Model;
mixing matrix structure, origin of v mass m., leptogenesis...
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Super-Kamiokande

Overview of T2K

Near Detector

=S : : Pacific Ocean
- -«, : S ‘- : — :?::;; =
- /{-- p :::,_ _‘- T Vﬂ
;;{-;;"‘ AA.; .rfﬁ‘ o  -Tok‘yo % S ——
s - S J-PARC
5 ; - - - h'!-,t:‘ _- | | {."‘ = ll
l-{,"‘: .‘ 3 ;Dd”:\s\'(‘r rl ‘ia‘ ‘
Super-Kamiokande
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12K\

T2K Data Set

%1019 >50kW >145kW

>190kW >235kW
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 Today’s results stem from the great efforts of

the J-PARC accelerator division

* Total delivered beam: 6.57 x 10%° protons on target

— 8% of ultimate goal
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.I_Zﬁz\ Neutrino Beamline

3 Focusing Horns ND280 (Off-axis)

Decay Volume

_— A . — To SK
p ™ -ﬁ____>
} h (On-axis)
Om t_~|280 m
30 GeV B Magnetic Horn f :
. sin"20,,=1.0 _
Proton Beam = Am, =24%10%eV? ]
e t ’l-‘==2?5 li(m% t t :
5 L —O0A25°
s | — OA00°
4
g | i
A 05 i i
© T i Reduce
: 5 | v high energy
— Hadron production = backgrounds
Monitoring of > e

measured by b 2 ;

beam profile : E, (GeV)
g external experiments Off-axis neutrino beam

and intensity || (\yA61 @ CERN) Narrow band @ osc. maximum
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.I.ZK Near Detectors

Tracker Section
Fine Grained Detectors
— Active target mass
—Vertex reconstruction

Time Projection Chambers

- Momentum
reconstruction

— Particle identification (PID)

[y
IH'\-' <

INGRID
—Monitor v beam direction 6 & intensity,
- 66 <1 mrad — 6E, < 3%
—Very stable!

“Neutrino Interactions at T2K”
K. Suzuki @ Moriond QCD
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12K\

ND280 Tracker Event Selection

CCQE

Vi

V

)

\
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u
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I_Zﬁa Super-Kamiokande

e 22.5 kton fiducial volume water

3 - ~
Cherenkov detector P T,
. = N— "-' IR
* Inner detector with ~11k PMTs it
e Quter detector determines fully ‘
. SN D o D
contained events e
* Very good e/u separation ' ey 5kt
N ?
g 500-_'"|"'|.'"|"'|"'|"'|"'I"'I"'I"'_- Atm h r- )ete [
S [ elike < m-like ! Qspneric ¥ o
$ 400:_ + _: o Data
¢ fccae # ccae § - MC
C 300 1
¢ telectrongp muon 1
qé 200: '\ ‘:\ \K (pga 95)
S I =
€ Joof v 95 \L
z f — ST E
e \\\ Nl e rec
Erp i R 00 Bt 8 coBrind© Neutrino energy reconstruction
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T2/K T2K-SK Event Selection

[ Fully Contained ] &[ Fiducial Volume ] &[ 1-Ring ]

/ \
[ PID: e-like ]7 —[ PID:,uIike ]

r ) e )

p. > 100 MeV/c | | | p, > 200 MeV/c
I J _ I J

r ) s )

No decay-e Decay-e<1

L J & J

|
New 7¥ Rejection

N\

151 <— —— RUN1-4 data r I \ r ~ 30 —+— RUN1-4 data
r (6.570x10*POT) - (6.570x10*POT)
Osc. v, CC i v, CC QE
% — vp+v:ecc E rec < 1250 MeV All E rec o | ! zﬁ:vﬁ CC ron-QE
= | 0 v,+V, CC \ J \ J g 1 v,+V, CC
> 10~ ?cN/C 220,.=0.1 ‘l ¢ z 20; mN%ﬂ' S
% | ( w/ sin"20 ,=0.1) f \ ( \ Lg I ( w/ 3-flavor osc.)
N 28 120 5 |
g - g -
5 51 =
zZ . Events J1L Events )? 1oy
::i Backgrounds .
0() 1000 2000 3000 B €am Ve g N C 71.i 00 1000 2000 3000
0 CC non-QE
Reconstructed v energy (MeV) NC 7 Reconstructed v energy (MeV)
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T2K\ Systematic Errors

o S— w 1Or
v [ Before After v [ Before ND280 Constraint
£ 1) Np2so i § 8-
g - Constraint Constraint - S b
c = 6
(g0) L |
o LV t-)1 AL
Q L
> L - L
Y— = B
O B o ol
+ I = i
[ = L oL
% 0.5 1 0

Reconstructed v Energy (GeV) Reconstructed v Energy (GeV)

Relative Uncertainty in ] Relative Uncertainty in
_ Systematic Error Source ,
# of v, Candidates (%) # of v, Candidates (%)

Flux %= Xsec. (ND280 constrained)

==: Correlated sin%20,; = 0.1, sin?20,; = 1, Am,,2 = 2.4x1073 eV?, NH, 6,,=0




J_Zﬁ\(\ Precision v, Disappearance Measurement

. . . . . VN : T I T T ‘ T 1T ‘ T 1T ‘ T 1T ‘ LI ‘ T 1T ‘ T 1T ‘ T 1T \:
Maximum likelihood fit in E, . > 420 Normal Hierarchy

A — O 4 68% (dashed) and 90% (solid) CL Contours —]

> E «w o .

o T O 3.8F —— T2K [NH] SKIIV[NH]
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o S0 —— Best fit ~ e o .

o 40 I g 34 =
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D 20 35 =
= o =

g E TR LIS FLis T =ss 28% 7;

% . — Data E 2.6 =

S [ — BestFit N 24F =

o 5p E 5 oF ]

o F 7 2 -
ot 1[__—— ] e S
-% s J[ Jr E BN 4'2;_ Inverted Hierarchy
e 2 4L 68% (dashed) and 90% (solid) CL Contours e
Reconstructed v Energy (GeV) 9 3.8 T2K [TH] SK LIV [IH] —

. . 3.6 =
arX|V14031532 (2014) Best_ﬁt i FC 68% CL NE~3 4i MINOS 3-flavor+atm [[H] e
< 5, E

+0.055 321 E

0.514 -0.056 aF E

Am32 (10 eV?) 2.51+0.10 28F- =
2.6 —

0.511 £ 0.055 5 4 E

Am 2 (10 eV?) 2.48 +£0.10 221 E
) Ll L [ i

03 035 04 045 05 055 06 065 07

Most precise measurement of 0,/ Sin’(0,,)



T2K\

Observation of v, — v, Appearance

Maximum //ke//hood fitin (pe, 0 )

1D contours at varlous GCP

O3 ‘ -
ok T Dan © B Normal Hierarchy
st ggﬁ(ggound component_ 2; 68% C L. E
e s1n29 =04 =
= l Leiole - —_ sin2923—0.5 .
2 1801 L e - ##5in°0,,=0.6 .
3 L 1 o z Reactor 1o range —
1501 N o Data - Z ]
Z oonl M Best fit 0.8 aE i -
o i - 0 ]
e o0l i NH 0.6 - x .
< o _2j ? ]
= N 0.4 S :
- af ¢ ‘ ]
L L 0.2 & 3F ! ]
i [ TS0 ) © o Inverted Hierarchy ]
0 500 1000 1500 2C 68% C L. E
Momentum (MeV/c) 1i smie 04 E
- e sin’’ _05 |
PRL 112, 061802 (2014) ] A :
. o B “%sin 6 =0.6 .
Best-fit £ 68% CL oF Reactor 16 range —|
+0.038 - .
+0.045 - .
0- 170 _0.037 _2} {
@ sin’0,, =0.5, |Am2,|=2.4x 107 eV?,8,, =0 - .
-3 \ —
. 0 04 0.6
Discovery of v, Appearance at 7.30! sin’20,,
Dependence on 6,, motivates a joint fit...
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T2/K\ Joint v, + v, Analysis: Constraints on 6.

N

Likelihood ratio fit )
to bothv,+v,
event samples

—— Normal Hierarchy PR ELI M I NARY

Inverted Hierarchy
—— FC 90 % Ay~ (NH)

FC 90 % Ay (IH)

90 % excluded (NH) /\/e Wl

90 % excluded (IH)

6

5

Accounting for correlations
in the parameter space 2=

(623 ) e13 ) 6CP ) Amgz) 1

\
-

Including constraint
from reactor experiments
Daya Bay, RENO,
Double Chooz

90% CL Inclusion
Scp € [-1.18, 0.15]
Scp € [-0.91, -0.08]

in220,, = 0.095 + 0.010 .
- (PDG 2013) T2K hints toward o, =-1/2
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T2K\ Jointv, + v, Bayesian Analysis

Assummg ﬂat prlors for smze23 |Am?,,|; P(NH) = P(IH) 0.5

0.015

Markov Chain 0.03 s AN

Monte Carlo (MCMC) O.OZS;PRELIMINARY 90% Credible Interval

with both T2K-SKv,+v, = © rgnal Poserr
and ND280 samples i

/VGW/

0.01

Probability Density per ©/50

90% CI Inclusion:
Ocp € [-1.13, 0.14]n

Can easily marginalize over
e.g. mass hierarchy (MH) —

0.005

1
r—kllllllll
[E—

07208 06 04 02 0 02 04 06 08
0., /Tt
And compare the (%)
probabilities for each MH sin20,, < 0.5 18 3 26
and 0,, octant combination — 50 24 | 74
68 32

AHVNINIT34dd
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T2K\ Future Sensitivity Studies

 T2Kis aiming for 7.8 x 10?1 POT (current data at ~8%)
— Future running likely to include significant anti-v fraction (under consideration)

e Sensitivity with T2K alone
* Enhancement with other experiments such as NOVA

Sensitivity to sindgp# 0

10 T2K Sensitivity to 0,5 Octant o
o L L e L I I =
N - : E < T2K
2 2550 Py —— Assuming NH = 6 ' NOVA 1
~ a5F moon Assuming IH = LAY T2K+NOVA
ol UE H E 5t i |
= 2_452_ i 90% (22L Contours _i sin%0,,=0.5
IRy 004 A 4 A
- Oep=0 i} . ok
2 .35 :_ by J = 3 B SV, “ ,»‘ - -
230 - ' Stat Only A ,T%’a A4
2.252— f\_?;.;;::’ With Syst, ====- 27 k e 3]
2 :I 111 I LAl 11 I I..I 11 I 111 1 I 111 1 I 111 | I 111 | I 111 1 I Iﬂ 1 - —
'6.3 03 04 045 05 055 06 065 07

[ ] 2 0 1 1 1 1
sin“0,, 150 -100 50 0 50 100 150
True O¢p

T2K 2012
syst. errors

Ultimate POT (50% Vv + 50% anti-v)

Syst. assuming 5% (10%) normalization
True sin20,,=0.1, Am?,,=2.4x103 eV?, NH

uncertainty on signal (background)
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T2/K\ Summary

* Results finalized for latest analyses with 6.57x10%° POT
-V, disappearance: Leading precision on 6,;! [arXiv:1403.1532]
— v,— v, appearance observation!  [PRL 112, 061802 (2014)]

* New T2Kjoint v, + v, analysis presented today
— Hints toward o, = -m/2 with reactor constraint:

Feldman-Cousins 90% CL Inclusion Intervals: Bayesian 90% Credible Interval:
NH: §p € [-1.18, 0.15]n MH Marginalized: 8., € [-1.13, 0.14]n
IH: 8. € [-0.91, -0.08] 1 PRELIMINARY
PRELIMINARY

 Upcoming prospects this year
— Short anti-v run planned this spring
— Increasing beam power and POT from current ~8% of total
— Tighter constraints on oscillation parameter space

Rencontres de Moriond, March 17, 2014 Patrick de Perio: T2K Neutrino Oscillation Results 18
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Constraints on 0., Exclusion

~ 7
X [ d
< — Normal Hierarchy F) R E LI M I NA Y . .
6Ll _ T2K New Joint Analysis
L Inverted Hierarchy
| —— FC80% a2 (NH) 90% CL Excluded
54 FC 90 % Ay? (IH)
= 90 % excluded (NH) [0.15, 0.82]
41 90 % excluded (IH)
: T2K Nov. 2013 release (NH) ['008; 109]
— T2K Nov. 2013 release (IH)
3 (PRL 112, 061802)
5 - / A T2K Nov. 2013 release (PRL 112, 061802)
R — /
T~ S/ \ 90% CL Excluded
1
:\ / [0.19, 0.80]
0-_1— 1 1 1 1 I t 1 1 1 1 1 1 | 1 1 [-0_04’ 1.03]
-1 -0.5 0.5
Ocplm)
Reactor Hierarchy ]Am%ﬂ(NH) sin 025 sin®2601 3 Scp Nif;“ N(”L?IfL Ni{jf N(lf;) A(XQ)
constraint |Am3,|(I1H)
10" %ev?/ct
NO NH 2.512 0.524 0.162 1.909 120 119.915 28 27.999 0.01
NO IH 2.488 0.523 0.187 1.005 120 119.948 28 27.998 -
YES NH 2.509 0.527 0.0967 -1.554 120 120.383 28 25.870 -
YES IH 2.481 0.533 0.0984 -1.556 120 121.204 28 23.571 0.864

AHVNINIT3dd




T2/K

v, Disappearance Parameters

%)

1 (107 eVA2/ch)
_l\) [\
(@) o0

PRELIMINARY

Normal Hierarchy

PRELIMINARY

| (107 eVA2/chd)
e v

.[\)
[®))
T

Inverted Hierarchy

NEC(:lu - NEQ -
24 2.4
<7 2R
2.2 i . . 2.2F - . .
B — T2K joint OA (with reactor constraint) Const. AXZ B T2K joint OA (with reactor constraint) Const. AXZ
: T2K disappearance FC (2014) [arXiv:1403.1532] : T2K disappearance FC (2014) [arXiv:1403.1532]
21_IIII|II|||||II|IIII|||II|IIII|IIII|IIII| 2-T_IIII|IIII|IIII|IIII|I||||||II|IIII|IIII|
03 035 04 045 05 055 06 0.65 0.7 03 03504 045 05 055 06 0.65 0.7
) c 2
PRELIMINARY o0 0
Reactor Hierarchy |Am§2 |((NH) sin 025 sin®2601 3 dcp N(l)i," Niiﬁ‘ Niﬁf Nif; A(XQ)
constraint |Am3,|(IH)
10" %ev?/c?
NO NH 2.512 0.524 0.162 1.909 120 119915 28 27.999 0.01
NO IH 2.488 0.523 0.187 1.005 120 119.948 28 27.998 -
YES NH 2.509 0.527 0.0967 -1.554 120 120.383 28 25.870 -
YES IH 2.481 0.533 0.0984 -1.556 120 121.204 28 23.571 0.864
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T2K\

MCMC Joint Analysis Results

~ 33— T — T . T T 1 T T T
(@l - |
* Constraints on V > PRELIMINARY
disappearance 7, 28 '
parameters 26l _
E
241 .
T2K-Only Model Probabilities [
v 2'2-_ 90% Credible Region (w/Reactor) ]
r’ﬁ [ samsmsssas 68% Credible Region (w/Reactor)
r ° Best Fit Point (w/Reactor)
20 36 |=
= 90% Credible Region (T2K-Only) -
35 64 |< [ e 68% Credible Region (T2K-Only) ]
> 22t e  Best Fit Point (T2K-Only) :
v i ]
55 < ; I
241 )
With Reactor Constraint 5 6: j
(%) 2 N :
m - ]
sin’8,; < 0.5 NI P I | “2.8¢ ':
MY 50 24 | 74 |2 ' L - L - |
15 04 045 0.5 0.55 0.6 0.65
68 32 < 2
sin“(0,,)
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T2)K\ Constraints on 6., Exclusion Comparison

* Oqpinclusion regions by:
— Feldman-Cousins (FC)
— Bayesian MCMC assuming prior probabilities
« NH: P(NH) =1
e IH: P(IH) = 1
* MH Marg.: P(NH) =P(IH) = 0.5

90% Bayesian
redible Interval

[-1.16, 0.17]
[-1.05, 0.06]

(4] 90% FC CL Interval Ocp () g

[-1.18, 0.15]
[-0.91, -0.08]*

*Assuming global minimum in NH

AHVNINIT34d

AHVNINIT3dHd

[-1.13, 0.14]




T2k Joint Analysis Comparison

 T2K joint accelerator v, disappearance
+ Vv, appearance

— Fixing sin?28,, = 0.095 £ 0.01 (PDG2013)
— Constant Ay?

e Super-K 3-flavor atmospheric v analysis
— arXiv:1310.6677

— Independent best fits for each mass
hierarchy

— Fixing sin226,, = 0.098 (PDG2012)

e MINOS combined accelerator and
atmospheric analysis

— arXiv:1403:0867
— Fixing sin?28,, = 0.095 £ 0.01 (PDG2013)

Am, (107 eV/ct)
W W 98]
= .[\)I T I:'TI T I.O\

>
%

2.6F
24F

22F

2, (107 eVct
R
T T = LI S T

Am
r
(@)

1
L
o0

3F

32F

34k
03 035 04 045 05 0.55 06 065 0.7
sme
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T2K\ ND280 v, Measurement

Entries/(100 MeV/c)

* Interactions in FGD and particle ID in TPC
* Major background: photons from nt® decays

* Fit CCOm, CC1m+CC Other and y sideband

arXiv:1403.2552
45 3 50p T 4 ’5\ F "'|""|""|""\""\""I"":
15 4 3 % 500 —— DATA 7
S 2 4l EN N B Signal - v, ]
Bcekg -y 3 8 g g 400:i Bekg -y ]
Bekg - misid p 9 = 35 3 g C Bckg - misid ]
I Bckg - Other 1 2 30 4 3 3002_ [ Bckg - Other E
1E Z £ [; ysample 3
— F 3 M n
CCOT[ ] = 20 CClT[+ + CCOther—; 200__+ . _:
E Is sample E ¢+ fit prefers scale factor]
= 3 E ¥ 4
sample 1 P - W % 0f0.77+0.02(stat) -
el ; v i . 0:' T 'm:.m i e L L L L L ]
07500 1000 1500 2500 3000 3500 4000 4500 500( 07500 1000 1500 2000 2500 3000 3500 4000 4500 5000 0 500 1000 1500 2000 2500 3(;20 3500 4000 13150\(;/5000
Momentum (MeV/c) Momentum (MeV/c) omentum (MeV/c)

measured v, flux

=1.06%0.06(stat) £ 0.08(syst
predicted v, flux (stat) (syst)

Intrinsic beam v, background prediction is validated!
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T2K\ Results of v, Disappearance Analysis

Feldman-Cousins 2D confidence regions
x107
L -

et
b

LI N I
68% (dashed) and 90% (solid) CL Contours [N H] ]

— T2K new Previous result
arXiv:1403.1532 PRL 111, 211803 (2013)

(1073 eV?)

32
)
%

2

Am
[\
(@)

N
N

™
b

2037035 04 045 05 055 06 065 07
sin(6,,)
Great improvement from the previous T2K result!

T2K favors maximal disappearance
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T2/K\ T2K + NOVA Sensitivity for Resolving sind,#0

Both T2K/NOVA -> full POT (50% POT v + 50% POT anti-v)
Shown in [NH] case.

solid(dash): w/o (w/) systematics

7 T " -
0.65 — . —
6 | NOvVA
06 - T2K+£‘JOVA
— i sin,(26044)=0.1
2 0.55 ] > sin2(6q)=0.5
Nf .
£ 05 - 1
7)) <
3 |
2 045 | 1Ll
04 | 1 4l _
0.35 ' ! 0 . . W AN .AAA
-150-100 -50 0 50 100 150 -150 -100 -50 0 50 100 150
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T2K\ T2K+ NOVA Sensitivity to Mass Hierarchy

Both T2K/NOVA -> full POT (50% POT v + 50% POT anti-v)
Shown in [NH] case.

Red: T2K alone, Blue: NOVA alone, Black: T2K + NOVA
0-65 1 I T T T T 14 T T T T

T2K ——
12 | NOvVA
06 - T2K+£‘JOVA
— 10 |+ S!I‘I (2643)=0.1
g 0-55 i 0 S|n2(923)=0.5
D
N o 8t
g 0.5 1 = solid(dash):
6 = A
o w/o (w/) syst.
E 0.45 - al
1 — ) A....'..........--' -
0.35 | l l ° -150 -1I00 -510 0 50 100 150
-150-100 -50 0 50 100 150 T
rue ocp
True d¢p
Region where MH can be Sensitivity to resolve MH

distinguished by 90% C.L.

Assuming true: sin?20,,=0.1, Am?,,=2.4x103 eV?, 0, constrained by 6(sin?26,;) = 0.005
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,I_ZfK\ v, Disappearance Systematics Summary

c 1:'| ] I L DL DL AL IR BN B
Q2 0.9F =
o E Al systematics, After ND280 Fit =
Q 0.8 systematics, After | =
; 0.7 = Flux and Xsecs, After ND280 Fit =
E 0.6 5_ SK-only Xsecs _5
< 0. 5 §_ SK efficiency uncertainties _§
0.4 = Hadronic interactions in oxygen and water =
0.3 Other oscillation parameter =
0.2 =
0.1 T =
0 rouE T T T o e o o o s S IS W W S f [ ——

i S [ e [ T T FRR S [ S S T T
03 04 05 06 07 08 0.9 1 11 1.2
Reconstructed v energy (GeV)
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:

T2/K

Summary of Systematic Errors

e After ND280 constraint

1R,

— O 5 — S B
o Y = Total 1 o _ — Total —
t} . = Flux and correlated cross-sections 2:: B = [lux and correlated cross-sections L
) - = |ndependent cross-sections L 0 5 = =  |ndependent cross-sections
O gyl — s«sl Ot —— skifsi
— L — i
i ] 0.4f
0.3_— i [
i 03 M
0.2 i [
: o _I_I_I_L._I_
0.1F 01 - —_|—I_.—.__'_|—|_ _I_I_I_u—J
i i ===
0 1 1 L1 1 1.1 I 1 L1 1 1.1 I 1 O i 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I
) 10 0 02 04 06 08 1 12
Ereco (GEV) Ereco (GEV)
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T2K\ ND280 Tracker Analysis

e Separate the CC sample into three

subsamples:

" Number of entries

— CCOmt: no pions in the final state

— CC1mt*: exactly 1 * in the

Number of entries

final state

P L L L N BN

— CCother: >1 m* OR >0 OR
>0 tagged photons

800
700
600

Number of entries

500
400

Data from T2K Runs 1-4: o
5.9x10%° protons on target ol -
Number of Events | L

CCOn 17369 ourities | purities surities

CCimt 4047 CCOnt 72.6% 6.4% 5.8%

CC Other 4173 CCln 8.6% 49.4% 7.8%
Bkg(NC+anti-v) 2.3% 6.8% 8.7%

Data are binned in two dimensions: muon Out FGD1 FV 5.1% 6.5% 3.9%

momentum (p) and angle (cos6)
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T2\ ND280 Systematic Errors

* Many sources of systematic error have been evaluated
for the ND280 constraint

— All errors are assigned using data control samples

Muon kinematics
 charge confusion

« TPC-FGD « momentum resolution and scale
matching efficiency » B field distortions
FGD1 TPC2 FGD2 TPC3
External bkg:
* outof FV

* sand muons

* cosmic
muons

* event pile-up

beam
FGD1: ' o TPC2: ' . MC modeling:
« Tracking efficiency « Tracking efficiency « Pjon secondary interactions
* ME efficiency * Hit efficiency * FGD Mass uncertainty
* PID * PID
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Fit Parameters

| Parameter Correlation Matrix After ND280 Constraint

1

ND280 Fit Results
0 Strong reduction in
B uncertainties, especially s SK vy Flux o
through flux/xsec anti- | |
. 4 Prior to ND280 Constrain
2 correlation : - t e

Fit Parameters

P ¢ Prior to ND280 | After ND280
arameter Constraint Constraint

After ND280 Constraint

Fitted Normalization
(OS]
||||I||||I||||I|||

M AQE (GeV) .21 £ 0.45 .22 + 0.07
CCQE Norm. 1.00 + 0.1 0.96 + 0.08 0.9
0.8
M ,RES (GeV) |41 £0.22 0.96 + 0.06 s eeen s
1 10
CCIn Norm. 1.15 + 0.32 122 £ 0.16 E. (GeV)
CC Ot Sampole CC 1t Sample CC Other Sample
F () L L L I RN UL RN R RS & AR R LR RN RS RN RN AR AR ] FT E
§ 9 g — MC NEUT nominal ] § w0 E— + —— MC NEUT nominal _é § 400 ;_ — MC NEUT nominal —;
f_’. .,50()— - : 35(]:_ ! - : 3503_ ] _f
5] —— MC Postit 3 kb —— MC Postit [ E P —— MC Postfit ]
= 2000 3 s TF s 300 @2 E
é ¢ D ] é é 250E- | 7 E
S 1500 3 g R 3
4 o ] Z Z “E 3
1000F - I50E ) E
E ] 100 Eg , E
500 — = B
o 3 S0E 3
v 19 4 sipananss BN IS v 0 ¥ L
S “ﬁi*********** ; +*“F****+*%+ P | S | e
g 0 500 l()(]O Hon 7000 7500 3000 3500 4000 4500 5000 g 0 I(X)() 7000 1000 4000 5000 6()0() 7000 8000 9(X)() 10000 g 0 500 1000 1500 2000 7500 3000 1500 4000 4500 5000
Muon momentum [MeV/c] Muon momentum [MeV/c] Muon momentum [MeV/c]
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T2K\

SK ve Appearance Event Selection

Ve Selection Cuts

- Vetohits<16  :
- Fid.Vol.=2m g
- Single ring )
- e-like

- Evisible > 100 MeV 5
- no Michel e* %
- 1i° rejection ;é

-0<Evy< 1250 MeV

80

60

40

20

10

1 r 1 ] T

single ring

-10

0

—+— RUNI1-4 data
(6.393x10™POT)

I Osc. v, CC

vV, CC

v tv . CC

I NC

(MC w/ sin®26,=0.1)

multi-ring

10
Ring-counting likelihood

e

-100 0

100

—+— RUNI1-4 data
(6393x10™'POT)

[ Osc.v,CC

[ v,4v, CC

vy, CC

[ NC

(MC w/ sin*28,,=0.1)

i1

200 300

Distance from n° cut line

Number of events

Number of events

]
o
—r ] rrr T T

[}°]
o

—
o

e-like <«—

—+— RUNI1-4 data
(6.393x10*°POT)

[ Osc.v,CC
v, +v, CC
v+, CC
I NC
(MC w/ sin®26,;=0.1)

-10 0
PID parameter

u-like

400 -

FCFV Lrl.lzg ik By

—+— RUNI1-4 data
(6.393x10™POT)

[ Osc.v,CC

vy, CC

= v+V, CC

I NC

(MC w/ sin®26,=0.1)

Decay ~eE Vrec ﬁTOlln
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T2K\ SK vu Disappearance Event Selection

100 |- i .
. €+ RUNI4 data [ +—roN4an —> U-like
vy Selection Cuts ‘ - SRS
12 r v, +V, CCnon-QE 2] - [ v,+V, CCnon-QE
= vV, CC o - v, CC
H 4 i I NC o - [ NC
- Veto h ItS < 1 6 q;_>) | . . (MC w/ 3-flavor osc.) q>) - (MC w/ 3-flavor osc.)
5 single ring multi-ring ‘5 20
— — B
. o o L
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T2/K Predicted Number of Events

sin228,, = 0.1, sin226,, = 1, Am,,2 = 2.4x1073 eV2, NH, 8,=0

MC Expectation

v, CC Signal 17.32
v, + anti-v, CC 3.24
0.96
0.07
21.59

MC Expectation

77.93
v, +anti-v, CCnQE 40.78
6.78
v, + anti-v, CC 0.35
125.85

v, Selection

v, Selection




T2K

vu MC Components

- N W & O O

2

reconstructed v energy (GeV)
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