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Neutrino oscillatons
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Unambiguous proof of neutrmos oscillations

Oscillated tau neutrinos at SK

PHYSICAL REVIEW D 98, 052006 (2018) — ® Cha||6ﬂgiﬂg Lo IdEHtlfy

—
o

=
-
-
--’, -—---
-m" - .-
el -—_—--
- ..
‘-‘ .---
o ----
- - -
- --
--

-

1. Low tau reutrino Nteraction
Cross-section.

- -
u'.‘
--
‘-
-
-
-
-
-
-
-
-
-
-”
-

- g e e e . e e e e e ]

2 Limited resolution from the

Cross Section (10°°cm?)

| lllllll| ] llllllll ] llllllll | llllllll

1 0'1 " s NEUT CC v, Cross secton ssssmmm NEUT CC V( Cross sachon
...... DONUT CC\,'(C[OSS sachnn wwwwws DONUT CC\-{ Cross sachon O a C <g r-O u ﬂ d .
v
1 0-2 ',' ------ SK flux averaged NEUT cross saction ® SK measured CC tau cross saction
5
»
Y
?. v SK flux weighted DONUT cross section S I< 2’0 1
Y
10 20 20 60

Neutrino Energy (GeV)

Maitrayee Mandal, NCB]J, Poland 14 June 2024

maitrayee.mandal(@ncbj.gov.pl HEP Seminar, FUW



Journey of a tau neutrino at SK
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Journey of a tau neutrino at SK

e 1 tau neutrino CC Interaction
at SK per kton-year.
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| tau neutrino CC teraction expected per kton-year
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ldenufication of tau neutrinos at SK

Signal Background
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ldenufication of tau neutrinos at SK
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ldenufication of tau neutrinos at SK
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dentification of tau neutrinos at SK
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ldenufication of tau neutrinos at SK
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ldenufication of tau neutrinos at SK
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Bmary classifier
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Unbinned extended maximum likelihood fit
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Sensitivity for tau normalisation, o

Tau normalisation

% uncertainty

Exclusion of null
hypothesis (a=0)

Significance in o

Nominal event rates (no systematics) 1.012 +/- 0.189 18% 5.4
All systematics (54 in total) 1.063 +/- 0.294 28% 3.6
Flux related 1.051 +/- 0.223 21%
Selected Oscillation theory related 1.028 +/- 0.200 19%
systematic
uncertainties added|Neutrino interaction cross- -
to the fit depending|section related LOL2 /- 0.237 237
on source
Detector response and 1010 4/ 0239 549

reconstruction related
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Increased exposure since SK 2018

I w ' e 30% more data.
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| atest results
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| atest results

Super-K (2018) CC
Phys. Rev. D 98, 052006

OPERA (2018) CC
Phys. Rev. Lett. 120, 211801

IceCube (2019)
Analysis A, NC+CC

Analysis B, NC+CC

Analysis A, CC

Analysis B, CC
Phys. Rev. D 99, 032007

Super-K (2023) CC
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Way forward

e /024: 2 years of SK-Gd phase

2020 SK-Gd phase started - 471 kton-year exposure ready for

- analysis!
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T'au neutrmos and 3-flavor oscillaton

S the mass-ordering normal?

PHYSICAL REVIEW D 109, 072014 (2024)
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T'au neutrmos and 3-flavor oscillaton

Or is 1t inverted?

PHYSICAL REVIEW D 109, 072014 (2024)
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T'au neutrmos and the 3-flavor oscillation
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Summary

Results from the analysis of the data recorded In all the pure water
uns at SK (485 kton-year):

e Observed 428+/-92 tau CC events.

® [au neutrino normalisation a=1.44/-0.3.

o Expect furt

ner improvernr

towards de

cermining ne
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Back-up
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Data/Prediction (null
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Phys. Rev. Lett. 93, 101801 (2004)
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SK4 single ring events SK4 multi-ring events
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