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VALOR-T2K arises from the 3 analyser eigenstates
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T2K (Tokai to Kamioka) is a long-baseline neutrino experiment that utilises multiple detectors in e
the goal of measuring the properties of neutrinos and their oscillations. g v»‘?’
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We look to constrain the neutrino oscillation
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We achieve this through analysis of the
v,/V, disappearance and v, /v, appearance
channels.

Sources of systematic
uncertainty directly ac-
counted for in the FD fit.

Oscillation analysis requires inputs from
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» To achieve results, our Monte-Carlo v mode: v mode:

model predictions are compared to E R L A iw:&;a
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Additional binning studies S
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Speaking of constraints... . 4 %,
td ~I l\
These are official results that mirror those released at Neutrino 2020, and are from our T2K internal tech note. s ,7-
« Binned log-likelihood method compares predicted and observed = 7 |
event spectra over parameter space. y

« Systematics (and nuisance oscillation parameters) are
marginalised over using their prior constraints.

» This leaves us with a likelihood dependant only on parameters of
interest.

- Confidence intervals are constructed using const. AX? (left) or
Feldman-Cousins (right).
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Analysis next steps: > i

« Re-analysing the data with model/method updates. " 77«;
« Analysis of the Run1-11 data, being taken (roughly) - 3 ﬁﬁ*,f, 7 |
now! . 77

Future of LBL in Japan: ;

« Upgraded beam power to 750 kW (2022) & 1.3MW . .
(2029). This means more data with each run! Me rry Ap I'l l !

« Near Detector Suite Upgrade with many additional
reconstruction benefits.

« The Hyper-Kamiokande experiment (a separate branch

of VALOR).
10 times
fiducial volume
o 50,000 tons | 260,000 tons
»*’"’if’:,,; :"f” “‘5?? : Super-Kamiokande Hyper-Kamiokande
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For sensitivity studies (among other purposes) a fake ‘Asimov’ dataset is
generated using different values:

Predicted Oscillation Hypothesis

Sample Observed

No osc.  Asimov A Asimov B Asimov BIFF NO
FHC p-like sample 1571.4 345.5 361.8 354.0 318
FHC e-like sample 19.6 93.8 69.8 95.2 94
RHC p-like sample 444.5 135.1 138.8 137.9 137
RHC e-like sample 6.3 15.9 16.4 16.9 16

FHC v, CCln*-like sample 29 . 8.8 6.8 8.9 14
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1-Ring v,,:

1 Ring v,:

Multi-Ring v,:

v mode only




v-mode v, CCQE:
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So that oscillation parameters can be
constrained with accuracy,
uncertainties need to be understood.

The Near-Detector provides the
Oscillation Analysis with a correlated
flux and cross-section model &
respective error covariance matrix.

The Far Detector provides the
Oscillation Analysis with a detector
error constraint from atmospheric
data, and more complex interaction
systematics (Secondary interactions
and Photonuclear effect).
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. T2K Runl-10 Preliminat
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» A fantastic way of presenting our o B
data is these ‘Bi-Probability’ plots. f’.‘ 20__
L
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« The effects of changes to the 8 =
oscillation model are easy to g B
visualise. NS
E | —sin® 6,,=0.45, 0.50, 0.55, 0.60
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Prior distributions that
nuisance oscillation
parameters are
marginalised over.

Number of points across
parameter(s) of interest
space where a likelihood
is constructed.
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sin? O3 Uniform q‘ 10.3,0.7] \ \%J’ p o &5
sinZ 013 T2K-only U l'lif()l‘lTl | 10,0.4] ?/’
sin? 20,3 reactors Gaussian 0.0853 4+ 0.0027
sin® 20,5 (3;1113:-5;1!1 ‘ 0.851 £+ 0.020
Am3, (NO) / |Am2,| (10) Uniform 2.3,2.8] x 1073 eV?/c?
Am3, Gaussian  (7.53 £ 0.18) x 1075 ¢V?/c?
dop Uniform [—m, +m]
Mass Ordering Fixed NO or 10

Paramecter(s) of interest

Number of Points Range

sin? fag

sin” 0,5 T2K-only

|AmZ,| (NO) / |Am3,| (10)

dop

sin2 Oy, [Am2,| (NO) / |Am2,| (10)
sin? 013, dc:p T2K-only

sin’ 013, dcp T2K+f;teL{:t{}1‘

101
101
101
101
81 x5l
81 x5l
81 x5l

0.3,0.7]

(0.007,0.053]

2.2,2.8] x 1073 V2 /c?

[—m, ]

(0.3,0.7], [2.2,2.8] x 103 ¢V?/c?
(0.007,0.053], [—, 7]
(0.015,0.036], [—, 7]
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