
4.2 Neutrino Oscillations

4.2.1 Three Flavors of Neutrinos
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In the mass basis
because UTU= 1
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4.2.2 Neutrino Oscillations

ACiCi interaction produces a

superposition
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Detection via another CC,

interaction maps the time-evolved

neutrino state autosupl=Ux<=

Amplitude:
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More accurately:include evolution

in space (typically, neutrino propagation
time is not accurately measured, but
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Note:neutrinos with differentE and
p
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can interfere because the corresponding
differences inE and p of their

interaction partners in the sauce
and in the detector are smaller

than the Heisenberg uncertainties
on E andp

Typically, we do
notknow t precisely
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Consider as toy example a model
with only two or flavor
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determines the oscillation length
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Note:inQFT, v oscillations can be

described as a Feyman diagram
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· Greatexternal states as wave

packets (with plane waves, no

interference would be possible)
· approximate v propagator at large t

· calculate

4.2.3 Neutrino Oscillations in Matter

Coherentforward scattering

(exchange of War Z boson without

exchange of momentuml
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As initial and final quantum states

incoherentforward scattering are

identical, need to sun colerently



over all of the above diagrams.

[Analogy:photon traveling through
matter]
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Take expectation value of the electron
current:
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In the derivation of Platys), we
had eiph
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Effective mixing angle (the angle

thatparameterizes the unitary
2x2 matrix thatdiagenalizes the

above matrix:
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· If V & E recover vacuum

Case Off = G



· If V4 -> Offt 0, oscillations

suppressed
· If V=cose sin Zefg =1

"MSW resonance"


