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Neutrino oscillations
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Quark mixing Neutrino mixing
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CP violation in leptons
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Neutrino mass models
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Measurements

e Mass ordering
e Dirac/Majorana
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Next Questions In Neutrino Physics

- Mass ordering Vi V-
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Neutrino oscillations at long baseline

Following presentation by Nunokawa, Parke, Valle, in “CP Violation and Neutrino Oscillations”, Prog.Part.Nucl.Phys. 60
(2008) 338-402. arXiv:0710.0554 [hep-ph]

P(v, = v,) ~ 1 — 4cos® 03 sin? O3 [1 — cos? #13 sin” 923] sin? As;
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P — sin s sin 2913SinA(A31 ¢ZL> Au; | oL =008 for L =295km
51 $La a=GpN./V2~ 00T aL = 0.23 for L = 810 km
‘/Psol — COS 923 sin 2912 S (Z )A21 h al, = 0.37 for L = 1300 km
a
Parameter Channels Question
sin®203: v, — v, and ¥, — U, : Is 023 maximal?
Sin2 923 SiIl2 2913 - V, — Ve and v, — Ve - Octant of 923
0 0
sign [Ag1] : V,, — Ve VS. U, = U :  Neutrino mass hierarchy

dcp - V), — Ve VS. Uy — Vg Is CP Violateci?


http://inspirebeta.net/author/Nunokawa%2C%20Hiroshi?recid=762771&ln=en
http://inspirebeta.net/author/Parke%2C%20Stephen%20J.?recid=762771&ln=en
http://inspirebeta.net/author/Valle%2C%20Jose%20W.F.?recid=762771&ln=en
http://inspirebeta.net/record/762771
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Summary of sensitivity of v,—ve rates to
physics questions

Factor Type
Matter effect .
(mass ordering) Binary Yes +19% +10%
CP violation = 2ounded, g [-22...422]% [-29...+29]%
continuous e 0 o 0
Unbounded,
B2s octant " L No [-22...+22]% [-22...+22]%
Nota bene:

- Calculations are for rate only; there is some additional information in the energy spectrum
- These estimates neglect non-linearities in combining different effects

- |n the calculation of the matter effect and CP violation effects the calculated values account for the fact

that T2K runs at an energy on the first oscillation maximum while NOvVA runs at an energy slightly above
the oscillation maximum

- B23 was varied inside the 20 range found by a recent global fit (PRD 90, 093006) 17



Accumulated POT

Runl ngln2 gRun3 R§1n4 ~ Run5 Run6 Run7 R1§1n8 Run9
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Latest results, January 2019, use
14.9E20 protons on target in neutrino mode

and JPARC Beam

16.3E20 POT in antineutrino mode. -
Represents 40% of total planned exposure. Delivery to T2'§



Super-Kamiokande IV
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Phys.Rev.Lett. 121 (2018) no.17, 171802, w/ updates https://www2.kek.jp/physics-seminar/files2018/20190110_T2K.pdf
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T2K Runl 9 Prellmlnary
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T2K Run 1-9 preliminary
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Sensitivity of T2K to
CP violation

Current data sample is sensitive to
CP violation at about 1.70 and

mass hierarchy at about 1.10.
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1 —— Accumulated neutrino beam
—— Accumulated antineutrino beam

2019 analysis dataset/. 25

2018 analysis dataset

Latest results, July 2019, use

8.85E20 protons on target in neutrino mode
and

12.33E20 POT in antineutrino mode.

Represents ~40% of total planned exposure.

Fermilab beam
delivery to NOvVA

5

Cumulative exposure (102° POT)
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A convolutional neural network neutrino event classifier

A. Aurisano?, A. Radovic®, D. Rocco®, A. Himmel9, M.D. Messier®, E. Niner®, G. Pawloski®, F. Psihas¢,

- A. Sousa? and P. Vahle®
*e Published 1 September 2016 « © 2016 IOP Publishing Ltd and Sissa Medialab srl
Journal of Instrumentation, Volume 11, September 2016

@ . neutral current

O v, charged current

() v, charged current
* ‘0‘:' ‘. -
°° & @ . charged current

Machine learning at the energy and
intensity frontiers of particle physics

Alexander Radovic'*, Mike Williams?*, David Rousseau?, Michael Kagan*, Daniele Bonacorsi>®, Alexander Himmel’,

Adam Aurisano®, Kazuhiro Terao* & Taritree Wongjirad®
27
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Both NOVA and T2K are consistent
Am223 & 923 Results with maximal 823. NOVA has a slight

(1.60) preference for the upper octant
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NOVA sees anti electron neutrino

appearance with 4.4o significance
30
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NuFIT 4.1 (2019)
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Summary

- T2K and NOVA are measuring neutrino oscillations in all four channels required to
address outstanding questions in neutrino mixing

- B23 is consistent with maximal; NOvA’s pull into upper octant is 1.60 significant

Both experiments prefer the normal neutrino mass hierarchy, NOvA at 1.90.
Combinations of experiments increases this to 30

-+ CP conserving values of 6cp are outside the 20 allowed T2K allowed region
Both programs have plans to continue to take data through mid-to-end of this
decade when high precision experiments (DUNE and HyperK) are expected to

turn on

Results from long baseline experiments show no evidence of non-PMNS
oscillations
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