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Overview and update from T2K

| Dr Laura Kormos
on behalf of the_
» T2K (Tokai to Kamioka) T2K Collaboration
» Updates

- Latest oscillation results
- Latest cross-sections

» Other recent T2K news
» Upcoming excitement
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. . ——  V-Mode Accumulated POT for Physics
« Primarily v, beam o v-Mode Beam Power

. V-Mode Beam Power Used in this analysis
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Near detectors
INGRID

UA1 Magnet Yoke
* ldentical modules in cross
* lron and plastic scintillator
i tracking calorimeter
POD

Monitors v, v beam il Downstream
direction and stability

Solenoid Coil

Barrel ECAL

ND280
Off-axis (2.5°) detector
e \agasci 0.2 T magnet
e WVater - Trackers, calorimeters, muon
target
» Immersed range detectors
scintillator « Water, carbon, lead, targets.
planes - Beamv_, flux, cross sections,
J o - i .
T 1.5° off-axis exotics
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Far detector: Super-Kamiokande (SK)

50 kton Water-Cherenkov detector
2.5° off axis (same as ND280)
Excellent e/u separation, 1° rejection _
_ _ Vi CCQE [
Select 1-ring, CCQE-enriched sample
Select CC11* sample (neutrino-mode)

v kinematics derived from lepton d

i CCln [

B o
& ool O
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* Measure N events at Near Detector, ND

« Tune the models to fit the ND data

« Compare tuned models to Far Detector, FD, data to
extract oscillation probability (P__))

Mt. Noguchi-Goro
2,924 m

Mt. lkeno-Yama

1,360 m
1 1,700 m below sea level

Neutrino Beam

295 km

®, 0,¢ P, alldepend on E,

* Ny~ Pp® Opp * Ep ﬂ

Observable Flux Cross section Detector response

y NFD~CDFD * O * &p ° POsc
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External Hadron
Production Measurements [ >  Fux Model \
\ y,
INGRID/B / [ \
cam Near Detector
[ o\ Near Detector
Monitor Data \ Model J >
Near Detector
- _>r ' Data
External Cross-section Cross-section
Measurements Model
\ >

Far Detector
Fit

Far Detector
Model

Showing sequential ND/FD fit used by 1 ( Oscillation Parameter )
of 2 analyses. The other analysis uses
simultaneous fit to ND/FD.

External Oscillation
Parameter Constraints

Far Detector
Data
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External Hadron
Production Measurements

Flux Model ]

INGRID/Beam
Monitor Data

Flux simulation
(FLUKA/GEANT3/
GCALOR)

* Tuned using external data
(NAG61/SHINE hadron
production
measurements)

UPDATE: Moved from
using 2009* to 2010** T2K
replica target data.

more statistics for 11+
production.

adds K* and p data.

*Eur. Phys. J. C76, 617 (2016)
**Eur. Phys. J. C79, 100 (2019)
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Flux prediction and uncertainties

ND280: Neutrino Mode, v

T2K Preliminary
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Horn & Target Alignment
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Proton Beam Profile & Off-axis Angle
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Flux prediction and uncertainties

ND280: Neutrino Mode, v
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‘_

m %o

, (GeV)

e |l L - """‘“T""'—i — )|
1 10
E, (GeV)

Tuned run5c-9d flux at ND280
L T I T [ T [ T [

10'2 :—: T2K Preliminary =
—Vu Vu
——Ve Ve

10]]

100k

Flux (/em*/50MeV/10*'POT)

10° E




|

T2\

Cross-section models
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v-mode

External Cross-section Cross-section i 0l e
Measurements Model g | — oot
= sk :ME‘;E
« NEUT generator tuned to external data from MINERVA, 3 i _§§g§i-pi
bubble chambers, etc, and to ND280 data. 04—
» Updates: o2
CCQE 0 05 1 15 2 ?ESV/GeVS

« Expanded parameterization of the spectral function (SF); *F
» Normalizations for Mean Field (MF) and Short Range % of

Correlations (SRC)
2p2h/MEC:

» Better description of 2p2h pn/nn pairs contribution

Other

* New tune of resonance model ot
 Effective inclusion of binding energy for resonant channel,,-
 New Nucleon Final State Interactions (FSI) uncertainty

T2K flux

— CC Total

— CCQE

--- MEC

—— CC RES
CC Multi-pi

— CCDIS
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o 025—
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015
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 New multi-r uncertainty varying shape of hadronic mass © * ' © E /GeV

and 1 multiplicity
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Cross-section models
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> v-mode
External Cross-section Cross-section i o8l e
Measurements Model 3 — oot
« NEUT generator tuned to external data from MINERVA, : ': :§§§f5p
bubble chambers, etc, and to ND280 data. 4
) See Stephen o
* Updates: Dolan's talk T
TueS pm 00: s s 25 3
CCQE: | | E,/GeV

« Expanded parameterization of the spectral function (SF); *F
» Normalizations for Mean Field (MF) and Short Range % of

Correlations (SRC)
2p2h/MEC:

» Better description of 2p2h pn/nn pairs contribution

Other

* New tune of resonance model ot
 Effective inclusion of binding energy for resonant channel,,-
 New Nucleon Final State Interactions (FSI) uncertainty
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 New multi-r uncertainty varying shape of hadronic mass © * ' © E /GeV

and 1 multiplicity
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Update: New ND280 data samples
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@ < ND280 data fitting and constraints
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New: v-mode v, CCAimt |
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New: v-mode v, CCAm |
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LR TR A I LB L

18F T T T =
16; +Data é
14F Bestfit |
10 1
8- =
o 1
4 J( E
Co P | P BT L I
% 1 2 3 4 5 6
Erec (GeV)
complements existing v.CC11r*
IR SR BLEL LA B B LRI B
L - Data
10__ + — Best fit ]
0: 11 ||I‘l|...\.j
180_-1"' [ L B B B B B
150__ ‘\i L I * Data
i i Best fit
noF-——=d | .
- T2K Run1-10 2022 Preliminary
90+ =
601 =
30 =
0_. | L | L | L | | |

00 200 400 600 800 1000 1200

Reconstructed momentum [MeV]
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Joint analysis with v , v ,v_and v,

Frequentist with likelihood fit to 2 analysis Bayesian with Markov Chain MC

i @ |C)Ie|o/9Iep for v / Vv, frameworks @ EreC for Vu/ V“ B ‘
- E__for v“/ v“ ° ErecleIep forv /v,
o sequential fit ND then FD ¢ simultaneous fit ND and FD

----- .]! it

v-mode n CCQE 3568.7 3580 3586 3594 399.1

v-mode e CCQE

_------
vsmode e CC1r+ 0.9 7.7
_------
Events observed at SK vs predictions calculated with osc. and syst. parameters (except
O.p) at best fit, including NO.

Less events than predicted for v-mode 1 ring u-like sample.
» Goodness of fit p-value for this sample is 0.04 (rate only) and 0.35 (rate+shape)
» Considering look-elsewhere-effect, p-value is above our 5% threshold

NuFact Aug 1-6, 2022 Dr Laura Kormos, Lancaster University 18/31

————— i




|
|
|

Lancaster
University &%

§

Atmospheric parameters

Reactor constraints applied.

J— 2.7x:|l()|_?|) T | LI T 1T T 1 [ 1T T 7T T 1T T 7 I T T T 7T | T 1T T T I T 17T
R : » Best fit in the upper ‘
= 26 ]
' St : octant.
NE; 25:_ _: .
2 F : * Lower octant still
~ 24 ] . . .
2 F ; consistent within
NEM 2.3:_ T2K Runl-10, 2022 preliminary * Best fit _: 68% CL-
< [ — Normal orderin - 68% CL. ]
22 . —90%CL. —
[ Iveredorderng .. wimcL ] %103  With Reactor Constraint
SNy | A R I B I I B ~E& 28" T T T T T T T
03 035 04 045 05 055 06 065 07 - NH only 7
: . < N N
F req u e ntlSt Sln2823 2 7 = T2K Run 1-10, 2?22 Prehmmary__
E ------- 68% E
. . . . 2.6_ 90% ]
Feldman-Cousins confidence intervals for sin®6,, A A U oo ]
Confidence level Interval (NH) Interval (IH) 2.5 -
lo [0.460,0.491] U [0.526, 0.578] - ]
90% [0.444,0.589] [0.525,0.582] 2.4 ]
20 [0.437,0.594] [0.459, 0.588)] - ]
- 23 —
T2K Run 1-10, preliminary 04 — 05 06 07 " os
. 5 2
Bayesian sin“0,,
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| Frequentist

0.,and O,

Reactor constraints applied.
Bayesian  Marginalised over MO

10

Nx 30 [ T T T T | T T T T | T T T T | T T T T T T T T T T T T ] >~. E—r T T T I | I T T T T | T T T T I T T T T E
< C  T2K Runl-10, 2022 preliminary 7] X = T2K Run 1-10, 2022 Preliminary =
T — Normal ordering - — - [ ] Ilo credible interval ]
25 ] "c.é B est flt [ 20 credible interval .
B — Inverted ordering ] Na) = I 3o credible interval =
20 :— Bl oL —: 8 E \ E
- B 90% cL . e" B i
L S — 1 8 Excluded at 30+
N - = 3

N . 3 Q

. Best fit 17

o

jon

-3 -2 -1 0 1 2 3
d
90%  90% o cp
Feldman-Cousins confidence intervals for d_, o I o
Confidence level Interval (NH) Interval (IH) S B e
lo [—2.76, —1.03] £ o
90% [—3.08, —0.52] [—1.92, —0.89] - y
20 [, —0.20] U[3.04, 7] [-2.22,—0.66] 7 e
30 [-7,0.31] U [2.59, 7] [—2.80,—0.14] s o
T2K Run 1-10, preliminary F ,
00T 0075002 0025 005 0.035 0.04 0045 008 0085 0.6
sin’0,,
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More oscillation results

Jarlskog Invariant, Both Hierarchies

2 F T o T
1) L T T T T T T T IlJ T T T T T T i n — un 1— relimin -
% uE ( ) | I E § B T2K R 1.10,202.21) liminary ]
g B . . ? : prior flatin 3, :
g 22 :_ N _: § L prior flat in sin(SCP) i
8 0 l“\\ - =) L — — 10 credible interval ]
é E : \ E o : """ 20 credible interval :
g 18:_ — sin', = 045,050,055, 060 E oy T 30 credible interval 7]
C— Amj,=249x107 eV A L i
g 16:_ <o Ay = 249x107 eV? ] i < < © i
0 L 0 dp=1 ] L | |
£ 14 w o= -] L ]]L | i
E | o0 . - -
8 12 o 8,=-12 - L | . . i
o C [ ]68% syst err. at best-fit i — I ' : —
‘E T Best-fit A I \\ : i
< p o-Dua (% satem) T2K Runl-10, 2022 preliminary I I m : ]
C | I I | | | 1 ‘ | | | | | | | | | | | | ] L 111 L1 | | IJ:I Ll 11
%O 40 60 80 100 120 -0.04 —0.|03 —O.|02 —OI.O1 OJ O.O;I:2 0.02 O.J(53U '0804
=S S, ,C,,5,7C,,SIN
Neutrino mode e-like candidates e
. _ . 5 : . :
Jarlskog Invariant: J_.= sinB,,cos®0,,sin6. cosB,,sinG,,cos0,,sind
Bayesian posterior probabilities (with reactor constraint) Jarlskog invariant is
» L, independent of PMNS
NH (Am3, > 0) 0.20 0.54 0.74
IH (Am2, < 0) 0.05 0.21 0.26
Sum 0.25 0.75 1.000
NuFact Aug 1-6, 2022 Dr Laura Kormos, Lancaster University 21/31
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Comparisons to other experiments

Normal ordering, 2020 analyses

Lancaster
University &%

-3

—— T2K run 1-10  —=NOvA 2020 -~ Super-K 2020  + Best fits %10 T2K Preliminary
l: 2 [ T T I T T T T | ll T ‘J"\-I | T T T”'l":ll T T T 1 T T T l T T T T | T T _] {’r_‘ L T T I T T T T | T T T T ‘ T T T T I T T T T | T T T T | T T T T | T T |
~ E o = _ Qo
s, fugE. Nomml A 4 & 3 —T2Krunl-10 - Super-K 2020 -
O ~7p ordering, N\ 1 = r *+ Best fits ]
%] - 3 - [5) - .
165 0% CL. &=\ 4 £ [ —=NOvA2020 IceCube 2017 ]
C ; 1 «e 28 —
14 — g L
- 7 . 1 5 I
12F / - -
C / \ ] 2.6 —
1= l \ = . ]
c \ \ . L ]
0.8 : § g | = 24 —
C kY \ I . L ] ]
0.6 *,) J E B : )
04F s } = 22 .
02F TK / / = - 90% C.L.
"I Preliminary 'l / . 2 B e Normal ordering ]
O_ 1| I 1 1 | I I | J"'I"!-n 11 | L1 1 1 | o ———| |I 11 1 | 1 ] |- I L1 1 | | ‘ | I I L1 1 | | L1 | | L1 1 | 1 |
0.35 04 045 0.5 0.55 0.6 0.65 0.35 04 0.45 05 0.55 0.6 0.65
.2 -2
sin"0,, sin“0,,

At 90% CL, 9, consistent with SK

best fit. NOVA best fit just outside
contour. Contours overlap.

NuFact Aug 1-6, 2022

jy e

- At90% CL, 6, contours overlap.

T2K and NOVA both prefer upper
octant. SK prefers lower.

Dr Laura Kormos, Lancaster University
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T2K

Cross sections — ND measurements

(CC-coherent on C)

NuFact Aug 1-6, 2022

Joint On/Off axis measurements «10® 0.98<cos (0,)<1.0
| » Adirect probe of Ey (?3 ° T ?'.L'VVTZ iEGQ SEV:IE;]:;;;; "
- dependence NE g GENIE BRRFG QE, empirical 2p2h .
* Full correlations between S AF i e GENIE LFG QE, Valencia 2p2h :
on/off axis results provided g
o 3F :
& I | ee=Fupap - 2
P s 2 | T
T S e Off-axis
ek - T2K Preliminary
/" INGRID DOHId.ISII“1h“1l<I5.“IZIIHZ..ISIHI:;“Ié.lé“l4ll“li.lél“5
NI Muon Momentum (GeV)
Lo s 10 0.94<cos(0,)<1.0
| (only INGRID and ND280 used for this measurement) % 16F
: G | g
» Mature cross-section programme. £ 14f On-axis
s b CCOmr
> Joint analyses % | } simultaneous
_ _ _ 8, ' ! on-/off-axis fit
- On-axis, off-axis, C/O, v /v S 8 SVVPIPIV SRR
> Probe physics most relevant :
. . . 4+
to oscillation analysis =
2k
T2K Prelimi
@ LOW-rate measurements ollll llllllllllllllllll:‘?llrl'r:lplalrlyl

Dr Laura Kormos, Lancaster University

05 06 07 08 09 1
Muon Momentum (GeV)
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Cross sections — ND measurements
Joint On/Off axis measurements «10® 0.98<cos (0,)<1.0
+ Adiect probe of Ey 3" == il SreioE S
. Fuﬁ correlations between See Andrew 1‘53 1 — CHNELERE RictRa ‘
on/off axis results provided ' 2
ngd s talk g b
Friday p.m. 8 f ,i, )
8 ,b | =y ' +
S 5 2 | I7[==e=
& o A + Off-axis
c,hsc‘*wv 1* -
Wk r T2K Preliminary
" INGRID 00-'-6.15'--1;1-'1'}5-'--21“-2-}5--'-:;-'-515““4'--'4.'5-'--5
"!,’-PHHE N 0 94<cos(9 )<1 0 Muon Momentum (GeV)
x10° : nj=
(only INGRID and ND280 used for this measurement) % 16F
. O] ) &
» Mature cross-section programme. £ 14f On-axis
. < JF CCOTr
> Joint analyses % | simultaneous
_ _ _ 8. " } on-/off-axis fit
- On-axis, off-axis, C/O, V”/VlJ g s8f T TOTTIRITeTIIIY
©
. o 6f
Probe physics most relevant )
to oscillation analysis 3 $
y 2; 2 I. .
- Low-rate measurements o e

04 05 06 07 08 09 1
(CC'COherent on C) Muon Momentum (GeV)
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v-mode
T2K preliminary

2

T
.
n

w
w W A

[ N ST

—
I| III|IIII

:

Mean neutron multiplicity
(v
N

LI L L L LI L B I L L L L L L B I
T2K FHC Runs 1-9 data
-+ Data
NEUT 5.3.2
~— NuWro 18.02.1
— GENIE 2.12.10

ot

|

Mean neutron multiplicity

(=

NuFact Aug 1-6, 2022

02 04 06 08 1 1.2 1.4
Reco. | transverse momentum (GeV/c)
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Cross sections — neutron multiplicities at SK

v-mode N
T2K preliminary
5 — T T T l T T T I T T T I T T T I T T T l T T T l T T T l T
45 f_TZK RHC Runs 5-9 data
4 E_ -o- Data
= NEUT 5.3.2
3.5 E_ — NuWro 18.02.1
3 ;— — GENIE 2.12.10
25
2F
@—1
0.5
0 : 1 1 I 1 1 L I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 I 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4

Reco. 1 transverse momentum (GeV/c)

Neutron tagging in water Cherenkov detectors may separate v/v, CC/NC v

interaction and reject backgrounds

Thermalised neutrons are captured on H and produce 2.2 MeV V.

All generators considered found to over-predict neutron production

Dr Laura Kormos, Lancaster University
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.I.ZJR\ Future: Joint Analyses

T2K-NOVA

» Different baselines, energy ranges and
i detector technologies: complementarity
to study oscillations

> increased sensitivity

> ability to break degeneracy between
mass ordering and 0,

Experimental %44 N[@IVAN
Property

Baseline 295 km 810 km

Detection Water Segmented

technology Cherenkov liquid
scintillator

bars

Matter effect 9% 29%

quadrant.

Lancaster
University &%

T2K-SK atmospheric

Joint fit can break degeneracy
with cos(0.,) and mass ordering.

Improved ability to reject wrong
mass ordering and wrong 6.,

68% CL intervals for dcr as a
function of true dcr assumed

SK+T2K

T2K

T2K+SK preliminary

SK (+ND)
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| Future T2K

T2K Projected POT (Protons-On-Target)

n
N

Beam upgrade 1400
> Increased beam power

> Proton beam reached 515 kW
stable power before shutdown. 1000

20

MR RF upgrade

|

S =
1 0
—20 o
. 2
1 8
> Higher intensity - reduced rep | AT — ENE:
: 3, 8
rate, higher horn current, ready l N %
| early 2023 18
> >1 MW by 2027 w0 El %
200 _;4 -
B —2
ok ' : ' ' : : T
2020 2021 2022 2023 2024 2025 2026 2027
% SK upgrade
- > Gd now added to SK (not yet used in
| | = - analysis but neutron signal seen)
, \{"n @ enhance neutron detection
N ¢ improve low-energy v_detection
1 %ﬂ% ﬂi m Ly ¢ may provide wrong-sign
A \ \Jf Jﬂ T R T I Moy
800 —400 ~300 —200 ‘_Ho'o“'o‘"1'06"2'06"s‘oc‘)"zgg?‘[;s;?o | 8 MeV Yy cascade background ConStralnt In ve mOde
data.
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(T2R BEUE
| Future T2K

T2K Projected POT (Protons-On-Target)

n
N

Beam upgrade 1400
> Increased beam power

> Proton beam reached 515 kW
stable power before shutdown. 1000

20

MR RF upgrade

|

S =
o &
. 2
1 8
. . . — o
- ngher |ntenS|ty - reduced rep 800|— MR Power Supply upgrade _:: g
rate, higher horn current, ready l N %
early 2023 500 3, 3
See Takeshi > 1 MW by 2027 00~ EN
Nakadaira's talk - 4, E
Wed a.m. o EN
O_ :0
2020 2021 2022 2023 2024 2025 2026 2027
% SK upgrade
- > Gd now added to SK (not yet used in
| | = - analysis but neutron signal seen)
, \{"n @ enhance neutron detection
N ¢ improve low-energy v_detection
1 %ﬂ% ﬂi m Ly ¢ may provide wrong-sign
A \ \Jf Jﬂ T R T I Moy
800 —400 ~300 —200 ‘_Ho'o“'o‘"1'oc‘>"2'oc‘>"s‘oé"zgg?‘[;s;?o | 8 MeV Yy cascade background ConStralnt In ve mOde
data.
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ND280 upgrade

* Improved proton
tracking.

UAI Magnet

* Improved muon
angular acceptance.

« Changes to ND280
analysis samples to
Increase angular
acceptance.

Downstream
|
PODECal Barrel ECa

v Lower thresholds

v Improved efficiency for
high angle tracks

v~ neutron reconstruction

v Improved determination

of track directions

II‘
g

11/

e
'S

8

1
|

W 1 cm3 cubes
+ WLS fibers
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T2K

| * Improved proton
; tracking.

* Improved muon

« Changes to ND280
analysis samples to
Increase angular
acceptance.

See Ciro
Riccio's talk
Thurs a.m.

NuFact Aug 1-6, 2022

| angular acceptance.
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ND280 upgrade  See Aol
Eguchi's talk
Thurs a.m.

UAI Magnet

PODECal

v Lower thresholds

v Improved efficiency for
high angle tracks

v~ neutron reconstruction

v Improved determination
of track directions

e
ge
1148
| BT
s
|
il
)

W 1 cm3 cubes
+ WLS fibers

Dr Laura Kormos, Lancaster University 30/31
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Summary

 T2K has a new analysis using the same data runs as last year, but
using more of the data with more near detector samples, more far
detector samples, and upgraded cross-section and flux models.

« 0O, results from T2K remain consistent in favouring near-maximal

CP violation, near -11/2. CP conservation continues to be excluded
at 90% CL.

- T2K favours the upper octant for 0,, but is still consistent with lower
octant and maximal values.

« Normal mass ordering is slightly favoured.

e Joint analyses with NOvA and SK have begun and have the power
to address degeneracies.

* A major upgrade of T2K is well under way, including beam, near

detectors, and far detector.
UK Research
and Innovation

NuFact Aug 1-6, 2022 Dr Laura Kormos, Lancaster University 31/31
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Extras
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2K llat ' SEUE
Oscillations at T2K

r—| Appearance N\
P(w*L >v,) = 4Cigsf3sf§_35m253lx 1 iAzr%l (1—Sf3)) ~~  Leading term
+8 Cf3 Sio 513523( C1,C53COSO — Sy 513523) cos A;,sin A;;sinA,;- ' CP Conserving
vs\g"_lv F8c3,57,55,C08 A,,sin ASI% (1—2s7,) <1  Matter effect
change +8 C:123 C12C23512513523810.08IN A3;8in Az sin Ay “ CPViolating
+4szCi3(C12C23+5§25i35§3_2C12 C23512513523C056)Sm2A21 <= Solar term

L c; =cosB; , s;=sinb, Ay = Amé%}i‘\, ‘ a=2v2Gn E ‘ )

0., dependence Octant sensitivity CP-odd phase

Disappearance

Am3,-L i
I P(vll -)v“) ~ 1—((:054 813-511122 0,, + sin22(:‘f13-sinz(i)23)-531n2—:;nfE2 (Leading and next terms only)

0,, dependence  Octant sensitivity P, (v,— V) =P, (v, — Vv, ) Testof CPT

NuFact Aug 1-6, 2022 Dr Laura Kormos, Lancaster University 33/31
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25
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1.5
1.0
0.5
0.0
-0.5

Parameter value

-1.0 ¢

3.0 ¢

ND280 fit: Based on extended

rPrefit

CCQE Parameters T2K Run1-10, 2022 Preliminary
1T T 1 [ N [ =
—|—I—|I - I.{j
L1 1 1 [ I N [ I I B =
Lne -0 LU ULDUeCC CoCCCC o DO
TEEEEERLEE EEL LE QS UCEF
£ 8 g 8 8 £ 8 § 838 38 3 ¢ = 2uxzg I
Z2r2227248222582 2828
O‘O‘O‘EEU EE- N R R S T R ‘ﬁuuuugg
wowwme sl FEEE 2 EEESE S S C S
o9z R R g g a @ a®aF F
UUUEE EEGG@ mbE::::-;‘é
CCOC%®® 2Z£72 56 % =222 532 53232
& W T T 2 oz ow EEE“‘“‘“‘”‘OC

w e =R w %=

oW 4 2w

LI

binned likelihood fit as function of the

muon kinematics (momentum and

angle)
 Found a prior model p-value of
11%, greater than our 5%
threshold.
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: T2k, ND280 data fitting and constraints

FGD1 v, CCOx Op

Lancaster
University &%

:

o — L L B ]
"E = —4— Data v CCQE =
L 3500 — v CC 2p2h v CC Res In —
= = Bl CC Coh ix [Jv CCOther 3
Esm = LI v NC modes [[]V modes —
S 2500 | =
B 2000 . =
SN E Prefit =
£1500 £ =
= = =
7 1000 =
500 £ =
n

14

.g 51.2 —

2210 [
z 1= 08 & -
06 = . . . . . . . -
0 200 400 600 800 1000 1200 1400 1600 1800 20

Dr Laura Kormos, Lancaster University

'K Run1-10, 2022 Preliminary pu (MeV/c)
FGD1 v, CCOxn Op

wn I B T L L B
< 4000 £ 4+ Data Bl CCQE e
3500 — @l CC2p2h [@v CCReslt
- = @l v CC Coh 1z []v CC Other 3
E 3000 — v NC modes [0 ¥ modes —
S 2500 =— —
5")2000 - i -
22000 Postfit 3
£ 1500 £ =
= — -
Z, 1000 = =
S0 = =

i
1.4 —
gl w 1.2 —
ZS ZE }):g Z-,. ..... * ..ﬁ.......;.......'l.l.l..l.......l ..... [ Y [ ...__
0.6 = . , , . . . . . . -
0 200 400 600 800 1000 1200 1400 1600 1800 2000
T2K Runl-10, 2022 Preliminary p (MEV/C)
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Electron-neutrino appearance

opT T T T T * Neutrino-mode (top) and
B ’ e antineutrino-mode (bottom)
S0F E electron-like events. Data
2k E agrees with any value of
oE E deltaCP. Note the small
1ob E amount of background,
s 3 especially in neutrino-mode.
oF - Antineutrino-mode has some
s “‘wrong-sign” background.
8 ]
£ Sf— s Sose B S -
G o ’
L e
00_ 0.2 0.4 0.6 0.8 1 1.2

Reconstructed Energy (GeV)
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Future: T2K beam -SK atmospheric v joint analyses

68% CL intervals for dcp as a
function of true dcp assumed

SK+T2K T2K SK (+ND)
_T2K+SKpreliminary

Fit O

True 8,

Sensitivity to 0., dominated
by T2K.

Joint fit can break
degeneracy with cos(0,,)

and mass ordering.

Improved ability to reject
wrong mass ordering and
wrong 6, quadrant.

“SK (+ND)”: T2K ND constraint on interaction uncertainties used for low E atmospheric

samples

True values assumed: sin?(0,,)=0.528, Am?_=2.509x10~ ev?/c*, sin?(6,,)=0.0218, NO
NuFact Aug 1-6, 2022 Dr Laura Kormos, Lancaster University 36/31
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