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The Neutrino Revolution
(1998 — ...)

Neutrinos have nonzero masses!

Leptons mix!



These discoveries come from
the observation of
neutrino flavor change
(neutrino oscillation).



The Physics of
INeutrino Oscillation



The Neutrino Flavors

We define the three known flavors of neutrinos, v_, v , v_.
by W boson decays:

As far as we know, neither
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nor any other change of flavor in the v — 7 inferaction ever
occurs. With ao=e, u, T, v, makes only 7_ (/. = e, {u =u, /_=1).
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Neutrino Flavor Change
If neutrinos have masses, and leptons mix,
we can have —
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Flavor Change Requires Neutrino Masses

There must be some spectrum
of neutrino mass eigenstates v;:
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Mass (v;) = m;



Flavor Change Requires Leptonic Mixing

The neutrinos v, . of definite flavor
(W —ev, oruv, ortv,)

must be superpositions of the mass eigenstates:
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There must be af least 3 mass eigenstates v,

because there are 3 orthogonal neutrinos
of definite flavor v,



This mixing 1s easily incorporated 1nto the Standard
Model (SM) description of the /vW 1nteraction.

For this interaction, we then have —
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Taking mixing into account

If neutrino masses are described by an extension of the
SM, and there are no new leptons, U 1s unitary. Then —
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The Meaning of U
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The e row of U: The linear combination of
neutrino mass eigenstates that couples to e.

The v, column of U: The linear combination of

charged-lepton mass eigenstates that couples to v, .
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