Summary of Task 2.4 for
WP2 — Neutrino oscillation
analysis

Joanna Zalipska, NCBJ Warsaw
JENNIFER2 meeting
Prague, 17-18 November 2022




OscillationanajSissr™

> Likelihood analysis: compare observed data at the far detector to predictions based
on a model of the experiment to make measurements

> Produce both frequentist and Bayesian results

> Model of the experiment built based on different simulations and models

Beamline simulation

[Neutrino flux prediction]""
ﬁ \
TS~_—
)
Near detector fit -+ Near detector model
* Tune nominal rate
prediction

* Constrain flux and

9 Interactions uncertamtles:/ Neutrino interaction models

Hadron production model
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Far detector fit
Estimate oscillation parameters | <¢——— Far detector model

Test hypotheses

Near and far detector fits done sequentially or simultaneously depending on analysis
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What’s new in 2022 analysis?

* Updated flux prediction based on analysis of the NA61/Shine
2010 replica target data for hadron production

* Updated neutrino interaction model — improved uncertainties
for spectral function model and additional uncertainties for
resonant and multi-pion events as well as FSI

. selection for the near detector
ND280

* In far detector analysis introduce new pu-like CClmt sample
selection



is important part of T2K oscillation
analysis.

ND280 fit uses various samples (from FGD1
and FGD2), based on pion multiplicity.

Each sample has different physical properties
and allows to probe different neutrino
interactions.

Muon kinematics (momentum and emission
angle) is used for fitting MC to data.

Proton selection in ND280
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New sele

Increase ab|I|ty to
constrain CCQE and 2p2h
in selected samples

Creates samples
dominated by DIS and
CCn®
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- Most dominant interaction at T2K flux peak:
Charged Current Quasi Elastic (CCQE)

o

- 2" dominant interaction: Resonant single pion
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6 Far detector samples at SK

Interaction Visible Topology
v, vy CCQE, [ = e
< L » 1 ring p-like
d 4 > 1ring e-like

=

1 ring e-like
+ 1 decay electron

(1t*1s below the
Cherenkov threshold)

Multi-ring v, charged current
1" events

1 ring each from p and t*
(above cherenkov threshold)
+ 1 or 2 decay electrons

1 ring from u- only (1t*is
below cherenkov threshold)
+ 2 decay electrons




current 1t events in SK

v, > NEW!Included from T2K run 1-10 v mode data for the
first time in T2K oscillation analysis.

» Parent E, ~1.2 GeV - oscillation effect is still presen
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Same data set as in 2020 analvsis

Total Accumulated POT for Physics

v-Mode Accumulated POT for Physics
V-Mode Accumulated POT for Physics

. v-Mode Beam Power
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Near detectors

v-mode: 1.3905 x 10# POT
v-mode: 0.6307 x 10 POT

Far detector

v-mode: 1.9664 x 10 POT
v-mode: 1.6346 x 10% POT




Far Detector samples

* Detected number of v. events consistent

with 8cp=-TC/2

of about 30%
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* New sample of v, CCr increase statistics
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Results TTOAERBSPTeric region

2D contours for Bayesian analysis with simultaneous fit of
the Near and Far Detectors data (joint fit of v, and ve)
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Results on dcr and 013

2D contours for Bayesian analysis with simultaneous fit of
the Near and Far Detectors data (joint fit of v, and ve)
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ResultsMe

Frequentists approach Bayesian approach
(Feldman-Cousin method) (margmellzed over MO)
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Results

erence

(.
ordering hypotheses

~ Looking at posterior probabilities for the different combinations of octant and mass

> Mild preference for normal ordering and upper octant, stronger when using
constraint from reactor experiments for 613, but still limited significance

T2K preliminary | sin®#y; < 0.5 sin?#y; > 0.5 | Sum

T2K only NH (Am3, > 0) 0.24 0.39 0.63

' IH (Am2, < 0) 0.15 0.22 0.37

Sum 0.39 0.61 1.000

T2K preliminary | sin?fy3 < 0.5 sin?fy; > 0.5 | Sum

NH (Am3, > 0) 0.20 0.54 0.74

T2K+reactor IH (Am2, < 0) 0.05 0.21 0.26
Sum 0.25 0.75 1.000

013 constraint from reactor experiments is sin?(2013) = 0.0861 £ 0.0027




T2K - NOVA joint fit

(>

2 long baseline experiments with different baselines, energy ranges and detector
technologies: complementarity to study oscillations

> The two collaborations have started work on a joint analysis of their data

> Increased sensitivity

> ability to break degeneracy between mass ordering and dcp
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Proton Beam Energy 30 GeV 120 GeV
Baseline 295 km 810 km
Peak neutrino energy 0.6 GeV 2 GeV

Segmented liquid
sintillator bars

CP Effect” 32% 22%

Detection Technology Water Cherenkov

Matter Effect 9% 29%

*Minimum difference of sin(&.,)=0 and sin(d.) ==1, neutrinos and antineutrinos
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