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SUSY06 Motivations

• ν masses and mixing → evidence of Physics Beyond the SM

• Typical explanations (see-saw) involve NP with Λ> v

• This NP often induces deviations from unitarity at low energy

We will analyze the present constraints on the mixing matrix 
without assuming unitarity



SUSY06 The general idea…
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SUSY06 Effective Lagrangian

• 3 light ν

• all unitarity violation from NP with Λ > v
• flavour universality
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SUSY06 The effects of non-unitarity…

… appear in the interactions
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SUSY06 ν oscillation in vacuum
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SUSY06 ν oscillation in vacuum
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SUSY06 ν oscillation in vacuum
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SUSY06 ν oscillation in matter

2 families
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SUSY06 ν oscillation in matter

2 families
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SUSY06 N elements from oscillations: e -row
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SUSY06 N elements from oscillations: e -row
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SUSY06 N elements from oscillations: e -row
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SUSY06 N elements from oscillations: µ -row
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SUSY06 N elements from oscillations only
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SUSY06 (NN+) from decays
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SUSY06 (NN+) from decays
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SUSY06 N elements from oscillations & decays
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SUSY06 In the future…

MEASUREMENT OF MATRIX ELEMENTS

• |Ne3|
2,  µ -row →  MINOS, T2K, Super-Beams, ν Factories…

• τ-row →  high energies: ν Factories
• phases → appearance experiments: Super-Beams, ν Factories, β-beams

TESTS OF UNITARITY

Rare leptons decays (present)

• µ→eγ

• τ→eγ

• τ→µγ
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ZERO-DISTANCE EFFECT
Near detector at a ν factory
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• νe→ντ

• νµ→ντ
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SUSY06 Conclusions

If we don’t assume unitarity for the lepton mixing matrix

• Present oscillation experiments can only measure half the elements

• EW decays confirms unitarity at % level

• Combining oscillations and decays, bounds for all the elements can be                                            
found comparable with the ones obtained with the unitary analysis

Future experiments can:

- improve the present measurements on the e - and µ - rows
- give information on the τ-row and on phases (appearance exps)
- test unitarity by constraining the zero-distance effect
with a near detector

- discriminate among different NP scenarios



SUSY06 Non-unitarity from see-saw
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SUSY06 In a real experiment…
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SUSY06 (NN†) from decays: GF
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SUSY06 (NN†) and (N†N) from decays
PRELIMINARY
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SUSY06

Quarks are detected as mass eigenstates

→ we can directly measure |Vab|

ex: |Vus| from K0→π - e+ νe
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→ Measurements of VCKM elements relies on UPMNS unitarity

Unitarity in the quark sector

With Vab we check unitarity conditions:

ex:       |Vud|
2+|Vus|

2+|Vub|
2 -1 = -0.0008±0.0011
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Quarks are detected as mass eigenstates

→ we can directly measure |Vab|

ex: |Vus| from K0→π - e+ νe

→ Measurements of VCKM elements relies on UPMNS unitarity

Unitarity in the quark sector

With Vab we check unitarity conditions:

ex:       |Vud|
2+|Vus|

2+|Vub|
2 -1 = -0.0008±0.0011

• decays → only (NN†) and (N†N)

• N elements → we need oscillations

• to study the unitarity of N: no assumptions on VCKM

With leptons:
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