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¢ Measure oscillation parameters with accelerator neutrinos
e Understand better neutrino interactions with matter
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nghllghtlng Super-Kamlokande and ND280

Nature 580, 339-344 (2020)
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e Good particle identification using the ring shape and sharpness Electron or muon PID discriminator

¢ Neutrino energy reconstruction from lepton momentum and angle wrt beam direction

e Not magnetised: need near detector constraints for wrong-sign backgrounds

Main near detector: ND280

¢ Active scintillator (C) and passive water (O) neutrino targets
petectors A e Tracking particles with time projection chambers

e Magnetised: for charge and momentum reconstruction

UA1 Magnet Yoke

Downstream
l ECALgEy


https://www.nature.com/articles/s41586-020-2177-0

Oscillation analysis with 2022 data release

Accumulated POT

& This talk — new samples (s — presented at Neutrino 2022 g

-

tat. increase

o Presented at Neutrino 2020, paper accepted in EPJC (arXiv: 2303.0322),,

B‘uanunZ ................ Run3Run4 .................. RUHSRUH6 ............. RUH?RUHS ............. R ung ................................. Runl() ............. Run]_l_ 600 %\

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Total Accumulated POT for Physics Year
v-Mode Accumulated POT for Physics

V-Mode Accumulated POT for Physics

v-Mode Beam Power

V-Mode Beam Power



http://www.apple.com/uk
https://t2k-experiment.org/results/oscillation-results-from-neutrino-2020/
https://arxiv.org/abs/2303.03222

Overview and highlights of this analysis

Observed v Flux U cross-section SK detector oscillation
event rate = > . «
@ SK models models model parameters

Constrained by ND280 What we seek
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Improved flux model
e More realistic beam line modelling + use of beam monitor data See
e Using high-statistics NA61 2010 kaon dataset |

SK: Neutrino Mode, Vu T2K Preliminary
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Overview and highlights of this analysis
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Overview and highlights of this analysis
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New samples

o 22 samples in ND280 now also separated by p, y presence /.e
¢ 1 numuCC1Pi sample in SK + adding multiring events 160 / v )

previous analysis this analysis (only for neutrino mode) -
o - o - T2K preliminary F\.
7P g U S | U > 450 N e+

B . > \

o 5 5 p I ° B 1Ru sample Ve'
8 4

© 3 | 3 ’ 2 I New sample

° L © £ v-mode / samp o

> + Muon-like data
w

e \
o, |

CC1in
N =
|
CC1n
§‘+ =
CC Photon

CC Other

ﬁ-‘
|

CC Other
=

3 4 5 6 8
Reconstructed Neutrino Energy (GeV)



Robusthess studies

With Reactor Constraint, NH

Complementary fitting approaches S 3 N o
¢ (Semi-)Frequentist approach: ( P-Theta software ) 2

e Using FD data only + constraints from ND as prior S s

¢ Feldman-Cousins approach for estimating C.L.

¢ Bayesian credible intervals: ( MaCh3 software )
¢ Metropolis-Hastings MCMC algorithm -1
e Joint ND + FD

MaCh3

PTheta
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-2 PTheta, MaCh3-like
® \ery similar results in both approaches!
—3 | ! L1 [ BRI B R SR X1O_3
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sin 8
Alternative model studies Ay?
r . A I
e Test how our parametrisation of the systematics is able to absorb - TZK' | S
. . . . - simulation, it Qi ;
mismodeling of interaction channels o8 2002 protminary T simulated data made with
. . “ ” . . - — baseline mode
e Using fits to “simulated data” from theory or data-driven alternative 3} odel
interaction models, pion production, nuclear models... Us .
- — scaled baseline model
¢ Quantify biases induced on oscillation parameters 6F Alternative model shown: CRPA
55 ‘
e No bias observed for 6,, 4E
: . 3
e Small effect on d,-p but no change of the main conclusions = |
2E —— Normal ordering
e Small bias observed for Am322 ha ~-+* Inverted ordering
¢ Additional gaussian uncertainty added to compensate: - AT .jxm'3
037235 54 245 25 255 2.6 265 27

+2.7 x 1075eV? Am2, (NO) / IAm2,| (I0) [e V]



2022 (latest) oscillation results — 0 p

Adding reactor oscillation angle as an external constraint
e 0,5 constraints of T2K are consistent with reactor antineutrino

experiments (PDG value)

Results on the CP phase measurement
e | arge region excluded at 3o

e CP-conservation values (sin .p = 0) excluded at 90% C.L.

¢ \Weak preference of normal ordering
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2022 (latest) oscillation results — Amz,, 6,5

World-leading measurement of atmospheric params
e Sensitivity mainly from yﬂ/DM disappearance samples

® \ery weak preference for the upper octant

¢ Multiring events addition allows constraining in a more

robust way the CC1pi part of the model
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Motivation for joint fit: example with SK atmospheric neutrinos =
e Use sub-GeV + multi-GeV atmospheric neutrino sample
o Great decoupling between 0,p and Mass Ordering (MO)

Resonance

Sub-GeV Neutrino
Better sensitivity in 6.-p

atm) Multi-GeV Neutrino had

« However: MO highly dependent on sin’ (29
e ... for which the world leading measurement is carried by T2K! Better sensitivity in MO
«]-

10 102

v energy (GeV)

T2K constraint on 05, SK constraint on MO T2K constraint on op
Breaks

Improves

degeneracy
SK+T2K Preliminary Sensitivity
64-5:""I""I""I""I""l"":
= na First sensitivity study E
- - in collaboration of — SK+T2K = - .
& 35E both experiments E Systematic treatment challenges:
2 s — 2K 1 Overlapping energy region (Sub-GeV)
S F —SK (+ND) : : .
R, sE E » Shared interaction model to capture correlations
L '25_ E » Benefit from ND constraints on atmospheric samples
o 3 ]
2 150 E
s L @ 1 ¢ Same detector: Super-Kamiokande
&5 1_ E e Systematic uncertainties due to detector modelling
z 05p E should be fully correlated
O » .
T 03 -2 -1 0 1 2 3

rue values: X axi
Normal ordering  sin“ @nq = 0.528 sin“ 014 = 00218  Amz, 53 % 102 eV CP 12
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I (atmospheric -1) + T2K (accelerator - 1))

Preliminary sensitivity results
e Asimov sensitivities at true sin® 0,; = 0.528, 5. = — 1.601, Normal Ordering PoS NOW2022 (2023) 008

. . SK+T2K Preliminary Sensitivity
o Ams3, & 0,5 constraint is dominated by T2K 25— e AREEanasc s ea s
¢ Main benefit of joint fit is that both experiments are sensitive to MO N — SK+T2K
: 20—
 Noticeable sensitivity boost for o, in the ~0 region N — K 1
o’ s - —SK (+ND) ’
‘$“ o 15— \ . ]
o* R - ' —— Normal ordering 1
"“‘ .0. N ---- Inverted ordering ]
SK+T2K Preliminary Sensitivity ‘."' 10— 7
Nx 25 _I 1 1 1 1 I T T I I I 1 T 1 I..q‘ T 1 I I I l"fl 1 ‘1‘\I T T I 1 I_ ““‘ : :
< - — SK+T2K & —T2K § et - i
. —SK@H#ND) SR _ 51 =
20~ ; ' ~ E -
- . N vl Y ]
- —— Normal ordering :‘ - 8.3 035 0. 045 05 055 06 065 0.7
15p 77 Inverted ordering % - i L IS L Fitsin8,
- N s SK+T2K Preliminary Sensitivity
B * K e i DAL I BLALELE A BLN BLELELN LY U DAL I ELELE ELE
10 — < ) -
- . i —SK+T2K ]
B 7 20 —
a - - —T2K .
5+ — - —SK (+ND) -
- AR 15— T
o e - —— Normal ordering
i L T TSP B - --- Inverted ordering ;
O L 1 1 l 1 1 1 1 l 1 1 1 T b " ' 10__ _—
-3 -2 -1 0 1 2 3 - ,
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Stay tuned for the data results in the very near future! " 1s 18 2 22 24 26 28 3 32 34 36
e s Fit Amg [V 13


https://doi.org/10.22323/1.421.0008

- T2K preliminary
U pcom I ng analyses é 40:_ pO*exp(-pl/t)+cte ﬁf)m' 36.2?’%236'.(2?:;
w et p1 71.71+ 2505
35
Finalising run 11 analysis: first data with SK-Gd! -
e 9% more exposure in neutrino-mode samples e
o SK-Gd 0.01% (now moving 0.03% for better neutron tagging) 25F \3" \
¢ Measurement of neutrino int. with neutrons (NCQE, 2p2h,...) 20 Gg:
® Retuning of selection + Improved evaluation of uncertainties on 15:_
detector modelling and reconstruction - 8MeV y cascade +
10
NOLA + T2K joint fit 5?\‘*%%{{ 4l
* Different oscillation baselines, energies and detector tech. a) 1 Jfl R IJV

LA ' Lododd Ll Ll L.l Ll I llllllll
gOO 400 -300 -200 -100 0 100 200 300 400 500

¢ Important to understand systematic correlations at, [us]
See Chap:
T2K extended runs NWM Yukine s
. ir a
e Upgraded beamline  1pr: arxiv:1908.05141 [physics.ins-det] 8 and Megap, poi a0

~€9an Frigpy ;asz,\e%i
¢ Increase beam power from ~500 kW to 1.3 MW via upgrades S
to main ring power supply and RF (mostly increased rep rate)

¢ |ncrease horn current 250 kA — 320 kA for ~10% more See

neutrinos/beam-power and reduced wrong-sign background D“'W
1

J

e Upgrading ND280 with new detectors: TDR: arXiv:1901.03750 [physics.ins-det] M
e A new neutrino target: Super-Fine Grained Detector ,
e Two new trackers: High-Angle TPCs
e Time of Flight detector planes

> Will allow to probe unreached phase-space
» Reduce xsec systematics and better understanding Vu |
of nuclear effects | - SuperFGD
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— Normal ordering
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