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Neutrino oscillations

Atmosphericand accelerator Acceleratorand reactor Reactor and solar
~ ) ( R
Ve 1 0 0 cos 0,3 0 sinB3e”0 cosfy, sinf;, 0\l /M1
Vu |=[0 cosbp; sinf,3 0 1 0 —sinfy, cosBy, 0 [ V2
V. 0 —sinf,3 cosH — Si i§ v
T A 23 23 sinf,3e 0 cos 643 A\ 0 0 1) 3
Flavor Mass
eigenstates PMNS (Pontecorvo-Maki-Nakagawa-Sakata)—neutrino mixing matrix eigenstates

Neutrino oscillations parameterized
with:
* Three mixing angles:
623 ~ 450, 913 ~ 90, 912 -~ 340
* Two squared mass differences - Neutrino mass hierarchy

Am3, =~ 7.5x107>eV?, © m;<m,<mjzor m;<m,<m,

|[4m3, | ~ 2.5x107%eV?, * Presence of CP violation and value of &,
Amlzj = miz — mjz * “Sterile neutrino”? Exotics?

- CPviolatingphase§,,  FPG2016

*
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Currentefforts:
* Precise measurementof the oscillation
parameters(8,;octant, 6;5)
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T2K experiment

Niigata

%ﬁ.i%
Super-Kamiokande

Materials and Life
- Science Facility (25"
g -
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Neutrino oscillations in T2K

* T2K studies neutrinoand antineutrino oscillations
SV VL,V o Ve
V2V, V2
* Appearance channel: 8,5, CP violation, 6,; octant, mass hierarchy

Leading term

2
P(vi > V) ~sin® 6,,sin” 20, sin’ ol [y 2a2 (1—25in2 6’13)
4Ev A’nSl

CP violating

2 2
—sin26),,sin26,,sin26,, cosf ,sinSsin’ Al \sing 2
AE, AE,

* Forantineutrino oscillations (P(v, = V,)) dturns into- dand a to -a

* Disappearance channel: measure 6&,; and |Am§2/1|

L
P(v, = v,) = 1 — (cos? ;3 sin* 260,3) sin*(Am%, E)
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a = 2\V2Gpn,E
Matter effect




T2K design

Protons beam 280m
© detectors :

fromJ-PARC| P s dump off-axis v

e IR ) = Whuthinus « v .
accelerator target ~—— QT I 2.50

station ~ decay muon o"""'_ ----- e —
pipe monitors n'aXIs Super-Kamiokande = | |
| - " 55 |
Om 110m 120m 280m 295km sin’26,; = 1.0

sin”20,=0.1
Am?2,=24x107eV?

Nyp = ©ypXoypXenp Npp = @ppXoppXepp XPyge

Cross detector

: - oscillation probability
section || efficiency

flux

lllIlIIIIlIlllIllI

/\W <

e QOff-axis beam

* Far detector and complex of near detectors R I- , i 0A 0 .
* Neutrino energy peak at ~0.6 GeV 2 [ e SROA257 7
(L =295 km, tuned for 1%t osc. maximum) 2 . 0sF .
* High-purity intense neutrino (antineutrino) beam v I ]
* v/v beam production by reversing current in magnetic horns Q¥ : . ,
* Reduced background from intrinsicv, and high energy tail =l
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Near detectors [

Downstream
ECAL

| ~10m

Barrel ECAL

INGRID: ND280:
On-axis detector * Off-axis detector
Iron\scintillator modules * Sub-detectorsin 0.2 T magnetic field:
Beam direction and rate stability * Fine-Grained detectors ( FGD ) tracker
monitor * Time-Projection Chambers ( TPC)
Day-by-day measurements * Used to constrain flux and cross-section uncertainty
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Far detector

1 — like event
50 kt water-Cherenkov detector

1 km underground

vV
u
(~2700 m of water equivalent) ---- T
No magnetic field '
Analysis samples: TOTAL: 5 samples!
1 — like and e — like events for v and v mode
1 e-like ring and 1 delayed decay electron e —like event
( ~ 10% of events)
Good coru
. 1%
separation W ‘:%
between e and
M events P
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Data taking

Total Accumulated POT for Physics Total 22.54%x10%° POT

Stable operation at ~ 470 kW

° v-Mode Beam Power * POT — Protons On Target
x 10%° ° V-Mode Beam Power
— unl  Run2 Run3  Run4d Run5 Run6 Run7  Run8 <
O 25F i =
&= - —500 =
2 .F | o
= 2

= OF 400 B
= = o
5 OF 300 E
< _ f' D
- w1 ! P - 200

Start of operation: F . i — A

- e T | - ]

2010 Szﬂ 48 :/_;/" i 1 | _100
Oﬂii..;mm{/ T ) ] I 0

2010 20122012 2013 2014 2016 2016
Dec/31 Jan/O1 Dec/31 Dec/31 Dec/31 Jan/O1 Dec/31

* 14.93%10%Y POT in neutrino mode and 7.62x104° POT in antineutrino mode
* Neutrino statistics doubled during 2016-2017 data taking period
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Hadron TZK ana‘yS|S Strategy SK — Super-Kamiokande

productiondata | | |NGRID/Beam | |ND280 | |ND280
from NAil/SHINE monitor data model data
Flux I/
model
Cross section
model
* Frequentist and
T Bayesian
Cross-section data Super- Super- approaches
from other Kamiokande Kamiokande | ° Good agreement
experiments model data between results

RECENT RESULTS FROM THE T2K EXPERIMENT 13

04.10.17




e Neutrino oscillations
* T2K experiment

* Oscillation analysis

°*  Recent results

* Future plans

* Summary

04.10.17 RECENT RESULTS FROM THE T2K EXPERIMENT 14




Analysis results: |4m3,| and 0,5

—3

{\3'6—"""""""""""""""""'l"— 5.5>_<10"'|"'_'1""|"" T T 1 T T T ]
o F MINOS+ 68%CL - E v MINOS Vbestfit /7~ MINOS V90%CL -
L 34 NOVA (2016) Super-K — 90%CL 5f M- Super-K-V best fit - 2223 -Super-K- V- 90% CL
° 5,F p % _T2K best-fit] &~ [ ® T2KVbestfit ~ —— T2KV90%CL |
cepo E T2K /\ E % 4.5 :_A ....... T 2KvbestﬁtT2Kv90%CL ............ _:_
T 3F E ~.  4f-O..T2K V best fit, sin%(8,,) > 0.5. ... ... =
s — . (o K1o) = 5 < : : .
2.8 — - ' ' ]
NE E E E 3.5__ ............................................... —]
a4 26F . < ; | -
2 4:_ _: s 3 3 o =§§§:§§}:\§§m§ ~~~~~~~ XL E
N ] o8 251 S e -
2 2 - o |E E TR o e e tete e AT o e Ol E
2 - < % NN E
| g 72K Runl-7 preliminary Normal Hierarchy - 1.5 SHEVAN ' -
O ] — . d ’ ]
oo e v b b v by v by e by v by by 7 [ i i i i i .

03 035 04 045 05 055 06 065 07 J37=653""652"""055 " "06 07 o8

. 02 —
2016 data analysis sin” 0, 2016 data analysissin®d,, or sin?0,,

* 2016 analysis:

* results comparable with other experiments

* consistentresults in neutrino and antineutrino modes — CPT conservation
* 2017 analysis:

* pending final systematics
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Final systematics pendin —— |’I;2|I|< IRU[}II-SIPI'ICIHIHIIIH?II‘\I' . .

T 0 T T °
\J\ ----- Normal - 68CL ] .
» Bestfit ~—— Normal - 90CL n a S | S re S u S
PDG 2016 ----- Inverted - 68CL ] . 1 3

— Inverted - 90CL —]

g IF w/0 reactor constraints - : : : ,
s E * T2K results consistent with reactor experiments’ data
o C . .
% 3 * PDG’16: sin® 63 ~ 0.0210 + 0.0011
o I _
LE E * T2K data favor normal mass hierarchy
I: 1] Result may be used to put constrainoné,,
S M | a1 XU
10 S 50
S0yt T2K Runl-8 Preliminary
Final systematics pendin T2K Runl-8 Preliminar C — Normal N
i e Sk 25 aPbadole
C ¥ Bestfit .. Inverted - 68CL ] r ]
2 - — Inverted - 90CL 20 2 E
g w/ reactor constraints - 2 o *. w/o reactor constraints
g o E S0\ f
(,o8 _lf_ _f l():— AN 7
aF = SF2a — =
_3E _E 107 O:.]?I T lx *“—_/ :xl()'3
5 R T 10 15 20

04.10.17 RECENT RESULTS FROM THE T2K EXPERIMENT 16




Analysis results: CP violation

Pinal systematics pending T2K Runl-8 Preliminary
:I T I T I T T T T I I T T T | I T T I T T I I I T LI T I:
30 - : o : :
- Normal -  Joint analysis with reactor constrain applied
5 = .
S : © Bestfit: 6., =-1.833
~ 20F =
2 “UF . :
T ’g . *  Normal mass hierarchy preferred
< 154 d
N ]
' X ] * CP conservation excluded atthe 20 level
10 —
- . * 6., (at20):
- . -
B s T2K with int
S ~ |~7] "efhwith reactor constraint * [-2.981;-0.600] normal mass hierarchy

3 2 o1 0 I 2 3
Scp (rad) * [-1.531;-1.184] inverted mass hierarchy

Reactor constraint sin? 28,3 = 0.085 + 0.005
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T2K-1I Protons-On-Target Request

P 1 Future plans
] 3. * Increase v, /v, statistics

/

-

-+ 7.8%x10%! POT by ~ 2021
* T2K Il proposal to operate until 2026
i N * Possibly exclude CP conservation at 3o level
s, S * Reduction of systematic uncertaintiesis crucial

- 18% (2011) > 9% (2014) -> 6% (2016) > 4%(2020..)?
T2K 1l Proposal: 20 x 102! POT * Near detector upgrade
* Improve precision for atmospheric parameters

®
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Summary

* By summer 2017 accumulated 22.54x10%° POT
* 8,3and 0,3 measurements are consistent with other experiments’ data
* Excluded CP conservation @20c level
* Data favor normal mass hierarchy and the best fit is close to 6., = -1;/2
Plans:
* Continue data taking
* T2K Il proposal: run until 2026
* Beam line upgrade to reach power ~ 1IMW
* Near detector upgrade to further improve understanding of neutrino
interactions
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Backup
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Canada
TRIUMF

T2K Collaboration

~500 members, 63 institutes, 11 countries

U. B. Columbia

U. Regina
U. Toronto
U. Victoria

U. Winnipeg

York U.

France
CEA Saclay
IPN Lyon
LLR E. Poly.

LPNHE Paris

Germany
Aachen
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Italy

INFN, U. Bari
INFN, U. Napoli
INFN, U. Padova
INFN, U. Roma

Japan

ICRR Kamioka
ICRRRCCN
Kavli IPMU
KEK

Kobe U.

Kyoto U.
Miyagi U. Edu.
Okayama U.
Osaka City U.
Tokyo Institute of Tech
Tokyo Metropolitan U.

U. Tokyo
Tokyo U. of Science
Yokohama National U.

Poland

IFJ PAN, Cracow
NCBJ, Warsaw

U. Silesia, Katowice
U. Warsaw
Warsaw U. T.
Wroclaw U.

Russia
INR

Spain
IFAE, Barcelona

IFIC, Valencia
U. Autonoma Madrid

Switzerland
U. Bern
U. Geneva

United Kingdom
Imperial C. London
Lancaster U.

Oxford U.

Queen Mary U. L.
Royal Holloway U.L.
STFC/Daresbury
STFC/RAL

U. Liverpool

U. Sheffield
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U. Warwick
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Duke U.
Louisiana State U.
Michigan S.U.
Stony Brook U.
U. C. Irvine

U. Colorado

U. Pittsburgh
U. Rochester
U. Washington




Recent publications

First measurement of the v, charged-current cross section without pionsin the final state on a water target

(arXiv:1708.06771)

Measurement of neutrino and antineutrino oscillations by the T2K experimentincluding a new additional
sample of v, interactions at the far detector (arXiv:1707.0148)

Measurement of v, and v, charged currentinclusive cross sections and their

ratio with the T2K off-axis near detector (Phys.Rev. D96 (2017) no.5,052001)

Measurement of the single m® production rate in neutral current neutrino interactions on water
(arXiv:1704.07467)

Updated T2K measurements of muon neutrino and antineutrino disappearance using 1.5x10%! protons on target
(Phys.Rev. D96 (2017) no.1,011102)

Search for Lorentz and CPT violation using sidereal time dependence of neutrino flavor
transitions over a short baseline (Phys.Rev. D95 (2017) no.11, 111101)

Combined Analysis of Neutrino and Antineutrino Oscillations at T2K
(Phys.Rev.Lett. 118 (2017) no.15, 151801)
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T2K Neutrino flux prediction

* Simulation: FLUKA, GCALOR and GEANT3 Actual beam profile &  Phys. Rev. D 87, 012001 (2015) Vu
. _ : position (from beam " —
External data: hadron production from NA61/SHINE | | onitors) 5
(CERN) T, K SK
* Reduction of uncertainties: ~30% to ~10% Proton _
* Backgroundfromv, fractionat~0.5% level beam I : ?5’&:2?3&%"3%3)
(30 GeV) raphite target
(data-driven MC)
g g: 1062_ ——— Lv — E g [ Haton Fawractons —— Materal Voowing
L £ ; _._" ‘ = 03] —— PounBeamProfie A Otas Angle — Nt Potns ]
g S 10° ™, E g ———— Mo Current & Field — 13av1 Emer 1
% > _v° 1 £ Hom & Target Algnment == 110v02 Erer 1
= S 10t S B ) S .
2 2 Antineutrino - » ’
E NE \ )
3 g
~
2 2
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ND280 analysis samples:

CCOm—muon 0 pionsin final state
CCln—1 pionand muoninfinal state
CC-Other—all other CCinteractions

TPCI

TPC2

| TPC3

[ae] o
(9 (=
(= —
(= (=1

Number of entries
o
[
[
(=}

1500

1000

500

1000 1500

04.10.17

2000 2500

BKG

Data
CC-On
CC-n
CC-Other

External
No truth

3000

III|IIII|IIII[\
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400

300

Number of entries

200

100

|

500_... L B e e e e

Data
CC-0n
CC-1n
CC-Other
BKG
.| External
No truth

III|IIII|1I
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ND280 analysis samples: v,-mode

CC-1-track and CC-N-tracks samples

CC-ltrack

CC-Ntracks
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ND280 in oscillation analysis

ND280 v,, v beam mode

-
o

-
"

Flux Paramater Vale
@
|
]

- .

-
=

o
@

- Prior to ND280 Constraint
| After ND280 Constraint Vy

o
-

o
o

10° 1 10
PRELIMINARY E, (GaV)

ND280 v, ¥ beam mod

Y — v T

-
-

-
N

Flux Pararmater Vakse
P
!
|

- -

o
<

o
o

B Frior to ND280 Constraint
| After ND280 Constraint

o
-~

o
=)

10° ! 10
PRELININARY €, (0
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T2K Preliminary
(2017 analysis)

7.6 8.9 7.1 8.0

W/O ND280 7.7 7.2 9.3

Total Ngi Fraction Uncertainty, %

Flux W/O ND280

Cross section 10.1

Flux and cross section W/ ND280 2.9 4.2 3.4 4.6

Final/sec. hadronic

. . = 1.5 2.5 2.1 2.5
interactions

Far detector - 3.9 2.4 3.3 3.1
Total W/O ND280 12.0 11.9 12.5 13.7
Total W/ ND280 5.0 5.4 5.2 6.2

Fit to ND280 data constrains flux and cross section model

Significant reduction of systematicuncertainties for oscillation analysis
* =12%—>=6%
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Total systematics uncertainties

Systematicuncertainties (%) used in 2017 analysis

1Rmu 1Re
Error Source FHC | RHC | FHC | RHC | FHC 1 d. e. | FHC/RHC
SK Detector 1.9 1.6 3.0 4.2 16.5 1.6
SK FSI+SI+PN 2.2 2.0 2.9 2.9 11.3 1.6
SK Detector+FSI+SI4+PN | 2.9 2.5 4.2 4.8 19.2 2.1
ND280 const. flux & xsec 3.3 2.7 3.2 2.9 4.1 2.5
o(ve )/o(vy ), o(We )/o(v, ) | 0.0 | 0.0 2.6 1.5 2.6 3.1
NCl~y 0.0 0.0 1.1 2.6 0.3 1.5
NC Other 0.3 0.3 0.1 0.3 1.0 0.2
Syst. Total 4.4 3.8 6.3 6.4 19.6 4.7
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SK analysis samples

Final ics pending T2K Runl-8 Preliminary Final ics pending T2K Runl-8 Preliminary
Final systematics pending T2K Run1-8 Pre]iminary ﬁ C rrrTrT T T T T T T T T T - V'L—>Ve ﬂ 3.5? T TrrT T A V"—)Ve
§Z] [ — T T T T T [ T T T [ T T T = 5 30 C - Vu_)ve % - — Vu_)ve
8 I [ > T I NC > 50 B NC
> 12— v [ NC . [8a) C [_1Vv¢/V, intrinsic E - VB —1 ve/.Ve ir.\tri_nsic
E B 1 ve/¥, intrinsic 5 250 vﬂ v, intrinsic ) - (1 v, intrinsic
o r [ v, intrinsic — Il v, intrinsic 5 2.5 v, |ntr|ns|c_
5 10— @ v, intrinsic _8 7 ° = .
2 F ] g 20 = E L& =
8— — = ] Z. C ]
= B ] |
Z. - m Z i - C C lT[ .
C i N 1.5 —
6 _ 7 C 7
- i . 1= —
4 - 4 o 7
C ] B 0.5~ —
2 . ] E ]
C g o 7 % + + ) Y=
oL i s 0 PN [N ARSI S o RN o IRV 0 0.2 0.4 0.6 0.8 1 1.2
0 02 0.4 0.6 0.8 1 1.2 0 0.5 ! L5 2 25 3 v Reconstructed Energy (GeV)
v Reconstructed Energy (GeV) v Reconstructed Energy (GeV)
Final systematics pending T2K Runl-8 Preliminary Final ics pending T2K Runl-8 Preliminary
ﬂ E T T T ‘ T T T | T T T I T T T ‘ T T T m V"—)Ve ﬁ = T T T T I T T T T | T T T T | T T T T J T T - V"ﬁve
g 4.5 = [ v, Ve 8 - BV ove
> F [ NC > 12— I NC
qf-fj afE _ [ ve/V, intrinsic =a] C [ v¢/V, intrinsic
°© E [ v, intrinsic qs = — [ v, intrinsic
= 3.5 ve v, intrinsic < 10 O v I v, intrinsic
(] ~E - (9]
o - 3 o C I,l, T
g 3= = £ r i
=] = B = C i
Z 2.5 = z F .
2E = o E
155 = - 3
1= = n ]
0.5 = - .
0: — e 2 58 e s s e e e ———— o P I [ IR | I
0 0.2 0.4 0.6 0.8 1 1.2 0 0.5 1 1.5 2 2.5 3
v Reconstructed Energy (GeV) v Reconstructed Energy (GeV)
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New analysis sample in SK: CC1rm

* 1 e-likeringand 1 decayelectron * Five samplesavailable for T2K
* Applied only forv-moderunning analysis

* Gain~10% more statistics (MC)

* 15 eventsobserved

1L [ s R
- T2K Preliminary @™
3.5 vV, intrinsic
- ] v, intrinsic ) -
3 @ v, intrinsic Vi [
25F E
2:_ ] [ I L _f W
5t E -
: ] d > »-U
l:_— L ] " [ " - G?\ (LF p
0.5F- = e
0: PSR S T T i P -

PRI N Y P
0 0.2 04 0.6 0.8 1 1.2
v Reconstructed Energy (GeV)
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Event rates

Predicted Rates Observed

Sample Ocp=-Tt/2  Ocp=0 Ocp=T1/2 Ocp=T Rates
CCQE 1-Ring e-like FHC
CCl 1-Ring e-like FHC
CCQE 1-Ring e-like RHC 7.93 7
oo RETINITRICYa ( 267.8 | 267.4 | 267.7 268.2 240
CCQE 1-Ring p-like RHC 63.1 62.9 63.1 63.1 68

* Llargelyin line with the prediction for &, = -11/2
* More observed e-like CC1m events15than maximum expectation 6.92
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Robustness of T2K analysis results

* Neutrinointeraction modellingis a rapidly developing media
* Study potential biasin the T2K oscillationanalysisdue to the choice of neutrino interaction model
and investigate variations that are not yetimplemented in the fit model
*  Produce fake data studies by varying parts of the interaction model
* Fitusingthe model without the variations
* Evaluatebiasesin thefitted oscillation parameters
* Use different data sets:
* Discrepancies between models and data that may indicate deficienciesin models

*  Planned improvements to models not yet available in oscillation fitting framework
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Analysis results: |4m3,| and 0,5

,;l-lnal systematics pending T2K Runl-8 Preliminary
xo>
2.7 - | | ! | L ‘Normal - 68CL _:L
= e —— Normal - 90CL . . .-
2.65 ¥ Bestfit ... Inverted - 68CL — Posterior Bayesian probability
— —— Inverted - 90CL
o 25F E
> - -
C 2,53_ E Normal mass 0.193 [ 0.674 ] 0.868
5, 4sE 3 hierarchy
| 245_ E Inverse mass 0.026 0.106 0.132
= = hierarchy
2.35F =
2.31:—1 |||||||—:r
03 035 04 045 05 055 06 065 07 Sum 0.219 0.781 1
2
$in“(8,;) *Pendingfinal systematics
*  Best fit for normal mass hierarchy: *  Best fit for inverted mass hierarchy:
|4m3,| ~ 2.462F3881x1073 eV2 /c* © |ami,| » 2.5113-981x1073 eV 2 /c*
° sin?6,; =0.53219:02¢ ° sin® 6,3 = 0.5341507°
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Fake data studies in T2K

Use different data sets: ND280 fit result

Data-driven variation generated based Cross Sectjqn Parameters (=i

-+ Postfit

2,

on the pre-fit data/prediction 8 @ \)

14

discrepancyin ND280 (and external 12 : 'I'
ety i ++.._._|_H
data, e.g. Minerva) os .|. |

+|

08
04

Variations produced with different 2 L l NIRRT,
. . §% Iﬁ;fiS?% %§§3§35
assumptions of the axial form factor §§g§§ g3 888¥—g§
Qgg§§ § 'k

Variations that cover discrepanciesin

. . » The 2p-2h for neutrinos is enhanced by 50%
pion spectrumobservedin ND280
» The 2p-2h shape is shifted so that the A-enhanced component of the

Variations to probe new pion cross section is increased to maximum
production model » The RPA parameters for Q* below 1 GeV? are increased, enhancing the
cross section in that region &
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Example of ND280 data-driven fake data
studies

* Use excess of data over prediction priorto ND280 fitting
* Assign observed access to three different interactions

* CCQE enhanced +  Use excess to predict event ratesin ND280 and Super-Kamiokande
* 2p2h with intermediate Aresonate (2p2h-A)

* Pure nucleon-nucleoncorrelations (2p2h-nonA)

Data-MC Data
=  |pgroprerepreeypeeer 80 « Z
< I =
2095 S S
o @ 63
0.85
0.75 {2
40
0.65 |
0655001000 50200 S0B00B SORO0MS0G000 0-6)"5001000 S0ROOES0BO0B SOR0MHS0G000
.. MeV
T2K Preliminary p, (MeV) T2K Preliminary p, (MeV)
04.10.17 RECENT RESULTS FROM THE T2K EXPERIMENT 35




Example of ND280 data-driven fake data
studies

* Examplestudies forthe fake-data studies produced for Asimov data sample

Parameter(s) Asimov A
SiIl2 923 0.528
sin? f;3 reactors 0.0219
sin? 01 0.304
|[Am2,| (NH) / |[Am3,| (IH) | 2.509 x 1073 eV?/c*
Am?2, 7.53 x 1075 eV?/c?
dop -1.601
Mass Hierarchy Normal

* Used inanalysis to get sensitivity values
*  Valuesset to PDG-2016 data and best fit values from the previous T2K analysis
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Fake data studies
Effect on “atmospheric” parameters

* Bias of Am?,5to lower values and sin%8,;to max mixing

* Narrow contour obtained for fake data studies

* Studyingwhethershould incorporate these effects of variations as an additional systematic uncertainty
* No conclusive statement yet

~0.003= FakeData Sensitivity ——— %% Confidence Leve B 10 1
E ----- 68% Confidence Level 9~ — o Ty
0.0028- - —— Asimov 8~ | — Fos_2p2nn0
' : T+ C.L 68=0.803922
: ——— FDS_2p2hnD 61 cL oo-o.usor‘o
0.0026 -
| o \
: ; 4l \
0.0024 -
| K |t | W 4 A
0.00221 : - 4 2
| 1f-
N0 1)) — -—— FE— B  S—— ] 1 L 1 ! | 1
03 04 05 0.6 07 3 9.35 04 045 05 055 06 0.6.52 0.7
T2K Preliminary sin’0 T2K Preliminary sin“0,,
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Fake data-studies
Effect on O¢p

* Right: Compare nominal MCand the fake data
* Left: shift data Ax?according to difference observed in fake data study
*  Max change/shiftto the confidenceinterval/mean point: =2%

*  Small effect on 6p limits

e 18 S 3():.;;“ ............... RARRE RARAS"
< 16 P P ST :
— Asimov n o ]
14}~ |—ros a0 L e 4 ]
125 | o socossomo 20F TN :
o FE R/ A T Sy
8~ &
¢ Fake-data for 10(1..
A A-2p2h (1 i [b
_______________________________________ 5 R o )
2 '\ ::\ HED'% §
ol 0‘\‘./ NP EPETEEPE BN BT b
-3 .2 -1 0 1 2 3 3 2 -1 0 I R 3
T2K Preﬁlmmary Scp T2K Preliminary dcp (rad.)
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Impact of data samples on O,

NH comparison

% 18:—
. I [ ---MC 5 sample
* Take data samples out 1 at a time and Y4 _Data 5 sample
u — Data x1Rmu
_ , 12— — Data XRHC1Rmu
replace with nominal Monte Carlo - —Data x1Re
10— - Data xRHCI1Re
. . N — Data xCClpi
prediction - check the change on 8-
. o
limits A
* Largest effect from e-like CC1mt sample
= e PR I |
-3 -2 -1 0 1 2 3
T2K Preliminary dcp (Radians)
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ND280 Upgrade

—+— current, FGD 1 —}— current, FGD 2 upgrade ref., Target 1
Curre nt 5 1 _—{— upgrade ref., Target2 ——}— upgrade alt. (Target->TPC), Target upgrade alt. (TPC->Target), Target
ND280 configuration & L _|
O - ]
=“G=) 08— —f—iz .
- e
L — .
0.6/— _|__|_+ B R =
- =4
- e
0.4 _— L ++—0— —_
Reference -
. . = ==
ND280 configuration 02—
e N g o
= ++i+ B
—o—_':=.=
0 11 1 ] 1 11 I 1 1 1 I 1 1 1 I 1 I_:_| 1 1 1 I 1 1 1 I 11 1 I 1 1 1 I 1 1 1
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
true cos 0
Angle reconstruction efficiency
Alternative
ND280 configuration
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