Neutrino Oscillations as Vacuum Birefringence

Flavour waves through the quantum vacuum:
A theory of oscillations
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1 Introduction 3. Mechanism: Vacuum refraction of coherent flavour waves

' Coherent forward scattering in the Higgs quantum

Neutrino oscillations are experimentally vacuum builds an oscillating flavour wave.

established.

However, their description within quantum Higgs quantum 3b. Coherent forward scattering in vacuum 3f. Detection probability

theory is subtle. vacuum Higgs-vev bilinear induces forward scattering amplitude The flavour-wave components

. . Refractive medium X X give the detection amplitude and
Standard superposition assumption: for flavour waves , , orobability:
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But different masses define
different superselection sectors. So
coherent superpositions are forbidden!
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massless with definite energy, momentum

and flavour.
Bilinear interactions with the Higgs vev 3c. Multiple scattering builds the 3d. Coherent wave equation 3e. Refractive index matrix
induce forward coherent scattering in oscillating flavour wave The coherent flavour wave obeys a relativistic The refractive index matrix leads to flavour
vacuum. flavour-mixing wave equation. . . . .
1 U, (a: t) p ~ mixing and a difference in phase accumulation.
e )
In analogy with circular birefringence, the v(0,0) = (O) —> ¥(z,1) = (\If (7 t)) VZ E2 2 N ) = 0 n2 (z,E) n2 (z,E)
neutrino wave function experiences the YT [ _|_ g ({Ij‘, )] (ZE7 ) — n2(a; E) = cen Cp AT
vacuum as a refractive medium leading to \ / | n.(z,E) n, (z,E)
flavour oscillations.
4. Recovered phenomenology 5. What is different? 6. Conclusions
One flavour wave
/ 4a. Standard vacuum P (L, E) = Z U UE Ui EL Not a superposition of particles with different masses. Vacuum refraction gives a QF T-compatible
oscillation brobabilities Ve A\ B A A A mechanism for flavour oscillations.
P d —iAm2L/2E One group velocity
Verifiable in time-of-flight measurements. Known phenomenology is recovered:
| d(7(E)E) ) —1 1 vacuum oscillations, MSW resonance, adiabatic
Matter changes the refractive- — ( - — conversion.
v/ 4b. Matter effectand o ;) 2 gy 0B index matrix ’ OE L4
resonance Can resonantly maximize mixing 2B Distinctive and falsifiable
Coherence is manifest via time-of-flight, coherence tests and direct kinematic-
No wave-packet separation of different mass states. mass measurements.
- - = EATL . g / /
/' 4c. Adiabatic conversion 7= 5o > 1 = Wi(z) ~ exp [@E / ni(z”)dz ] Refractive mass—not kinematic
o ’ Testable in direct kinematic-mass measurements.
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