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Neutrino Evolution:
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in the flavor basis
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Masses and Mixings in MATTER: §/12%, and 67
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Notice:
(1) Possible zero when 6m” cos 26, = 2v/2GpN.E,
(2) the invariance of the product dm?sin 24..




The Solution:
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Borexino results

Solar Pair Mass Hierarchy:
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11— Plve —ve) = sin? 26 sin® A

Who cares ?
SNO does !l

for neutrine in matter
6"" = B
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Summary:

The low energy pp and "Be Solar Neutrinos exit the sun as

two thirds 11 and one third 15 due to (quasi-) vacuum oscillations.

fi =65+£2%, fo=35F 2% with P.. = 0.56

The high energy ®B Solar Neutrinos exit the sun as
"PURE" 11, mass eigenstates due to matter effects.

fa =914 2% and f; = 9F 2% with P.. = 0.35.
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Testing solar neutrino oscillations with reactors

10° eV?
sm2 I 10°m = 100 km
A = iE

1 MeV
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expected no-oscillation neutrino event rate at KamLAND

Summary:

The low energy pp and "Be Solar Neutrinos exit the sun as
two thirds 11 and one third 15 due to (quasi-) vacuum oscillations.

f1=65£2%, fo=2357F2% with P., =~ 0.56

The high energy ®B Solar Neutrinos exit the sun as
"PURE" 11 mass eigenstates due to matter effects.

f2 =914 2% and f;, = 9F 2% with P._ = 0.35.

15'11129.3
Sy 2 . — om2 = 8.0+ 0.4 x 10~%eV?
Am;ol -
B sin® 8. = 0.310 & 0.026
at 68% CL
Vel Y Vr

SNO, KamLAND, SK/K, GNO/Gallex, SAGE, Cl
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Three-neutrino oscillations

Neutrino mixing matrix
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Anomalies

Need extra states !l!
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MiniBooNE
MiniBooNE was built to check the LSND results with a different
baseline, but similar L/E

MiniBooNE has no near detector

MiniBooNE sees an excess
at ~50 at low energies

MicroBooNE

MicroBooNE was built to check the MiniBooNE
results!

Looking for signals using several final state
channels

The collaboration did not perform an oscillation
analysis

A combined analysis shows that MicroBooNE can
not exclude the region of parameter space

referr MiniBooNE
preferred by 00 2201.01724
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The Gallium Anomaly

The Gallium anomaly

BEST coll., 2109.11482

The Gallium anomaly is now at more than 5c significance
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We determined that m(K,) > m(Ks) by
Passing kaons through matter (regenerator)

*Beating the unknown sign[m(K,) -m(Ks)] against the known
sign[reg. ampl.]
We will determine the sign(Am?;,) by

«Passing neutrinos through matter (Earth)

*Beating the unknown sign(Am?;,) against the known
sign[forward v,e — v,e ampl]
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Sterile neutrinos

=Ne unitarity

Ufi 1 UE: 2 Uf: 3
U= Up: 1 U;J,Q U,u,IS
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