
Neutrino Oscillations
Two neutrino oscillation
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Neutrino Oscillations
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Ive propagates as a linear superposition until it is measured
then wavefunction collapses neutrinos are measured as a flavour state
the wavefunction evolves in time d to the phase she
and this allows for v oscillations ie the phenomenon ofneutrino flavour transformation
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Two neutrino mixing

Ve Vu Vi V2

IV Lt Iv e'CPI
x E t

I V24 Ivf LP X E t Ex show fromUtu 12 2
that 4 1 81 L S I

CoECosa
so since



Neutrino Oscillations
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1 G g Yen rewrite massive states in termsofflavor stats
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eid Ive no phase difference no oscillation so
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Plvesve sin 2o sin DIII
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P ve Va is the probability re oscillate to Ver
pl vet Ve is the survivalprobability I consequenceof
unitarityg quantum mechanics

The wavelengthof an oscillation is givenby
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Three neutrino mixing
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The exact same derivation applies but now

Ive We lv Her1027 Ues us



Neutrino Oscillations

In general we can write an arbitrary unitary3 3 matrix as

Us e diag e e 1 CKM On 013 023,8
diag eine eine 1

CkM I 0 O
O C O f

9 real parameters di 92 0,2 013 023 8
Pe pu 4
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The only place where U appears is in CC interactions
in neutral current interactions Ut U appear one for
V J and by onitarity give the identity matrix
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Neutrino Oscillations
This remove 3of the 9 paramets and a
further 2 phases can be removed by theDirac neutrino man term Im 4

y v Majorana particle cannot remove any
phases q pr are physicalphases ie they
have an effect on physical observables


