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Neutrino Oscillation

T

Flavor eigenstates — |va) = Z U’.|v;) — Mass eigenstates
i=1
PMNS matrix: 04,, 0,5, 0,5, 0
1 1 0 0 C13 0 5136_?.’50P co1  S1o0 O
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" = — m=)L Ami, L/E
Transition phase — x,, = " ™)L _ 067 2775
P " 45 eVZ m /MeV

Mass difference: Am2,,, AmZ2,,
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Outlines

» Three generations
1. Reactor experiments (~1.5 km baseline) 0,5, [AmZ2_|
2. Solar+KamLAND 0,5, Am?,,

3. Accelerator and atmosphere (For Mass
ordering and CPV, Atsuko’s talk)
Disappearance and appearance 0,5, Am?5;, 03, &

4. Global Fit
» Three+one generations %

1. Evidence
2. Status

- High precision

- Octant-symmetry
- Hierarchy

- CP phase

- New Physics
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see annotations

Reactor Experiment Feature (~1.5 km baseline)
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Measurement of v, 0sci. RENO anti-v, detector
----------------------------------------------------------------------------------------- 3| ® oo dh 00 & oj\
Neutrino Energy measurement Ny -1 W PP
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Near-Far cancellation

ﬁ _ (Np.f> (Ln>2 (€f> |:Psur(Ew Lf)]
Nn Np.n Lf € Psur(Ew Ln)

=> Relative event rate and
spectrum measurements are also
used In accelerator experiments.
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Recent 6, 13 and |IAm?_ | Results
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Neutrinos from the Sun

, Neutrino Astrophysics, J. Bahcall
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The sign of Am?,; can be determined.
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Neutrino survival prob. = P2 =cos" ;5 (2 + = cos 26y, Eﬂs?ﬂm)

cos 207 =




Solar Experiments - Chemical

—

Homestake GALLEX/GNO

» Charged current, v, only
Vo 37 Cl =37 Ar 4 e~
Ve+"1 Ga =" Ge 4 e~
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Solar Experiments — Realtime Counting

SUDBURY NEUTRINO OBSERVATORY [SNO) SNO
OOOOOOO , CANADA

» Neutral current + Charged current
vy +e — vy +e  (ES),

v +d — p+p+e  (CO),
ve +d — p+n+v, (NC).
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Disfavors flat oscillation probability by ~1c Agj\’, =(-2.1%£1.1)% [3.5 < E < 19.5 (MeV)]

BTW, Borexino reported a first CNO neutrino measurement.
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Atmosphere Neutrinos

M. Honda et. al. PRDD 83, 123001 (2011)
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J-PARC
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Atmospheric/Accelerator Neutrino Oscillation

Disappearance:
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Atmospheric

[accelerator
neutrino
osclillation

, Cosine Zenith Angle

Not easy
to separate
V, Or v, for
Atm. Neu.
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Atmospherlc/AcceIerator Neutrino Detection
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Atmospheric/Accelerator Neutrino Detection
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Atmospheric Neutrino Results

Super Kaminokande Takhistov@I|CHEP2020
930 Bins %2 05 Sep 0,3 Amy; (x107)
SK (NH) 1037.5 0.0218 4.36%088 ., (0.44%005, 2401, .,
SK (IH) 1040.7 0.0218 4.54+088 ., (04509, 240700, .,

SK data disfavors Inverted Hierarchy at 71.4-90.3% C.L. (SK 2018 published: 81.9-96.1%)
SK data prefers 1st 6,, octant and dcp ~ 3z/2

IceCube/DeepCore PRD 99, 032007 (2019)
Amzas = 2.55 012 x103 eV $in282: = 0.58°0 13

+0.34

Norm v (cetne) = 0.73 55, Reject no-v, with 3.20 (CC+NC)

Minos/Minos+ Atmospheric Best Fit arXiv:2006.15208v2 (2020)
Normal Hierarchy

Ami, =2.11 x107° eV?
SiI]2 923 = (0.52

P August 6,2020 Neutrino Oscillation Parameter Measurements




Accelerator Neutrino Results
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Global Fit
(pre-Neutrino2020)

de Salas et al, arXiv:2006.11237

https://globalfit.astroparticles.es/

August 6, 2020

JHEP 01 (2019) 106

PRD 101, 116013 (2020)
Tortola@ICHEP2020
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de Salas et al, arXiv:2006.11237
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|[AmZ2,] [1073 eV?]

New Super-Kamiokande data
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Beam Excess
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Theoretical and Experimental Work in Progress

Experiments with the right L/E
Model-independent tests

Some region Is excluded

New reactor-related experiment and prediction
New technigue to reject background

New technigque to explore neutrino interaction
3 decay, OvBp constrains

NEOS, STEREO, PROSPECT, DANSS, SoLid, BEST, SBN,
JSNS?, IceCube, ICARUS, MicroBooNE, Daya Bay,
Minos+, KATRIN ...
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Summary

- \We see many progress on
- Reactor neutrino study
- Solar neutrino study
- Atmospheric neutrino study
- Accelerator neutrino study

- Many efforts on sterile neutrinos, verdict in the near
future

Not a comprehensive review. May have mistakes.
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Thank you for your attention.
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