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Motivation

Standard neutrino oscillation theory assumes:

lve) = Z >lvi(my)) i m; for i #+ j
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But, this is inconsistent with quantum theory due to superselection rules:
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Then and belong to different

superselection sectors

And therefore their coherent superpositions are not allowed
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Our Approach

1. Massless flavour neutrinos are the only physical particle states.

. The Lagrangian mass terms are treated as interactions which induces coherent forward
scattering during propagation in vacuum.

1. Multiple coherent forward scattering leads to a coherent wave which experiences multi-
refringence.

. The coherent wave gives the probability amplitude for neutrino oscillations.

. The feebleness of the "mqsg aivina" jnteraction iustifies ‘rrgg’ring neutrinos as massless in weak
inferactions: T ~ 107 years > 7y ~ 10 s
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Details
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1. Production

/ Vy

Definite flavour
Definite energy
Definite momentum
Massless: E = |p)|
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Assuming

° Dirac neutrinos

° Higgs mechanism

-

2. Coherent forward
scattering:

.

Multiple
scattering:

> [(V? + B*)épe + 4nN f14(0)] W, (x,£) = 0

£

Propagation

Ling = —Ppr(x) Mpgveg(x) + h. c.

where
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Detection
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Standard Oscillation
Probabilities:
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Coherent Neutrino Wave Properties

T,,(x,t) = e EPNN 1, Uset LuhrPxy,, (0,0)
1.4

1. Multicomponent complex wave with modulated 2. Universal group velocity and effective refractive
amplitude mass

3. Evanescence E < mln(ml) — n imaginary
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Key Results

Theoretical advantages

e Describing flavour oscillation without resorting to
different mass superpositions.

e Coherence is manifest throughout production,
propagation and detection.

e Well defined speed, energy and momentum of
oscillating neutrinos.

Phenomenology

Prediction of zero mass in weak decay kinematics
(KATRIN, Project 8)

Prediction for neutrino time of flight based on unique
group velocity.

No decoherence induced by wave packet separation
due to unique group velocity of wave.

Low energy neutrino evanescence due to mass
being a refractive effect.
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Thank youl

Poster + happy to discuss at any time
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