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Neutrino Mixing

The neutrnino flavor states in
bra-ket notation.

For Two Neutrinos....

flavor mass
v.\ [ cosfl sind 1
Vy ~ \—sin@® cosf V9

The mixing of the states i1s expressed
by a rotation matrix.

e) = cosf 1) + sinf |v2)

Wp) = —sind |11) + cos B 1)



Neutrino Mixing

Ve _ ( cos@ sinb) (v So starting with the mixing matrix.
Vu —sin@ cosll) \in
,(0)) = —sinf |vg) + cosf |vy) The state at time t=0.

—ilF) —ilat The state's evolution in time.

ly,(t)) = —sinbe “l11) + cos e va)

Then the probability is given by the amplitude squared.

Py = |(welvu(t))? = %siuz 26(1 — cos(Ep — E)t)



Neutrino Mixing

Pose = |(welualt)) [ = %siuz%(l _ cos(Ey — Ep)t)

Ei = \/172 - mf ~p+ mf/2p We know the mass is small so we can
use a Taylor expansion and then
change some units.

1 . 9 ' (m%—m%)L
Poge = §blll 26 (1 — CO8 ( 1B

1.27Am>L Look! It depends on mass differences, so
E if neutrinos oscillate they must have mass!

P... = sin’ 20 sin’ (



Neutrino Mixing
P, =sin®20 sin>(.27Am*L/E)

...Depends Upon Two Experimental Parameters:

e [ — The distance from the v source to detector (km)

e 7 — The energy of the neutrinos (GeV)
...And Two Fundamental Parameters:

e Am’=mi-m} (eV?)
e sin” 26

For v beam with energy E
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Pontecorvo-Maki-Nakagawa-Sakata (PMNS) mixing matrix
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VS.




Oscillations
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