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Neutrino oscillation:

Decoherence: Pµµ = 1 – sin22θ sin2(1 – e–γx)2
1

Neutrino decay: Pµµ = [cos2θ + sin2θ exp(– )]m3

2τ3

L
E

2
EPµµ = 1 – sin22θ sin2(1.27 )∆m2L



Null oscillation MC
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CHOOZ exclusion plot
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(through neutrino-electron scattering in SK, ~22000 events)
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From oscillations we find indication about two mass differences, related to “solar” and
“atmospheric” ν oscillations, with two possible hierarchies

It follows

From the experiment:

∆msolar ~ 7 × 10-3 eV2 (LMA-I)

∆matm ~ .045 eV2

inverted hierarchy

ν2

ν2

ν1

ν1

ν3

ν3

normal hierarchy

∆msolar
2

∆matm
2

∆msolar
2

∆matm
2

2 2

m3 = free ( 0)

m1 = m3 + ∆matm

m2 = m3 + ∆matm + ∆msolar
22 2

The two hierarchies tend to
merge phenomenologically

only for large masses

(mi >> ∆matm)2 2

quasidegenerate spectrum

m1 = free ( 0)

m2 = m1 + ∆msolar
2 2

m2 = m3 + ∆matm + ∆msolar
22 2



O( ∆matm ~ 0.05 eV)2
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(Only for Majorana neutrinos)

mβ =  Uei   mi
2 2 2

m = | Uei mi|
2

Ωνh2 =
νi 92.5 eV

mνi

Σ mi



ββββ decay current limits: mβ 2.2 eV (95%C.L.) (Mainz, Troitsk, hep-ex/0210050)

future limits: mβ few × 10−1 eV (KATRIN experiment, 2010?)

these limits can be compared with the two absolute spectra:

useful to probe the “degenerate spectrum”

not enough to discriminate hierarchies
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Heidelberg-Moscow experiment

Compiled by Vuilleumier (2003)
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Ωνh2
E.g., from the fit to Ωνh2 one
derives at 95% C.L.:

from WMAPext + 2dFGRS

with WMAPext + 2dFGRS + Lyman α forest
•
•

Ωνh2 < 0.0067

Ωνh2 < 0.0076
i.e.

for quasi degenerate
neutrinos

mν < 0.21 eV

mν < 0.23 eV

•

•
mi < 0.62 eV

mi < 0.70 eV

•

•




