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Murayama: How can we test seesaw experimentally? 
Ma: Lepton family symmetries for neutrino masses and mixing 
Harrison: Democracy in Neutrino Oscillations: 

Magic/S3 Group Mixing and its Derivatives 

Theoretical discussions on ν masses

New  proposals

Friedland: Two modes of searching for new ν int. at MINOS 
Biggio: Unitarity of the leptonic mixing matrix 
Ota: Discovery reach for non-standard interactions in a ν Factory
Okamura: Matter Effect on ν osc. from violation of universality in ν NC Int.

New physics

Takamura: Maximal CP phase effect & θ13 screening in long baseline ν exp. 
Zukanovich Funchal: Determining ν mass hierarchy by precision

measurements in disappearance exp.

Kusenko: Opening a new window for warm dark matter 
Cirelli: Spectra of neutrinos from dark matter annihilations 

Dark matter



A scenario to “establish” seesaw
Next generation experiments discover neutrinoless 
double beta decay
0νββ leaves the possibility for R-parity violation
Consistency between cosmology, dark matter 
detection, and LHC/ILC will remove the concern
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High precision needed to know the scale Λ

How can we test seesaw experimentally? (Murayama)
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Lepton family symmetries for neutrino masses and mixing (Ma)



Democracy in Neutrino Oscillations: Magic/S3 Group Mixing and its 
Derivatives (Harrison)



Opening a new window for 
warm dark matter
(Kusenko)



Spectra of neutrinos from dark matter annihilations (Cirelli)
DM in Sun and in Earth ν from Sun and Earth



New Physics at source and detector

New Physics  in propagation (matter effect): 
Friedland, Ota, Okamura

Discussions on 3 flavor unitarity w/o 
light νs : Biggio

If either of the particles with flavor α and β in 
the NP interaction is charged lepton, then

If the particles with flavor α and β in the NP 
interaction are both neutrinos, then βν αν
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New Physics involving charged leptons

New Physics involving charged leptons



In the future…
ZERO-DISTANCE EFFECT

40Kt Iron calorimeter @ NUFACT

• νe→νµ

4Kt emulsion cloud chamber @ NUFACT

• νe→ντ

• νµ→ντ ( ) 3† 106.2 −⋅<µτNN

( ) 3† 109.2 −⋅<τeNN

( ) 4† 103.2 −⋅<µeNN

Rare leptons decays (present)

• µ→eγ

• τ→eγ

• τ→µγ

( ) 016.0† <τeNN

( ) 013.0† <µτNN

( ) 5† 102.7 −⋅<µeNN

Unitarity of the leptonic mixing matrix (Biggio)
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Two modes of searching for new ν int. at MINOS (Friedland)

The best-fit region shifts to smaller θ and larger ∆m2:

Phys.Rev.D70 111301, (2004)

measurement of νµ νµ mode @ MINOS

measurement of νµ νe mode @ MINOS



ν factory ( channel)

MINOS (νe appearance)
e

νν →
μ

Existence of εαβ~O(1)
predicts signals 
potentially larger than 
standard scenario in 
appearance channel of 
MINOS and future LBL

τ
ν

e
ν →

Kitazawa, Sugiyama, OY, hep-ph/0606013



Discovery Reach for Non-Standard Interactions 
in a ν Factory (Ota)

Study on εeµ in propagation 
taking into account both 
Re(εeµ) and Im(εeµ)
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This result is highly sensitive to the value of sin2(2θ23)

Summary

mixing angle
invertednormalThe violation effects

oscillation probability

L=9,120 km
17GeV

We investigated the matter effect on neutrino oscillation
from universality violation in neutral current interactions.

Fermilab ⇒ Hyper-Kamiokande
If sin2(2θ23) is  NOT too close to 1, 

we may be able to either observe this effect, or
impose a much tighter constraint on universality violation
than that from CHARM and CHARMII.

Matter Effect on ν oscillation from violation of 
universality in ν NC Int. (Okamura)
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New index for CP phase effect

New index for CP phase effect

CP phase effect
Max and Min of 

probability 

Maximal CP phase effect & θ13 screening in long 
baseline ν exp.  (Takamura)

(1) Easy understanding of 
magic baseline phenomenon

(2) Easy understanding of 
Pµe~0 for δ=135o at T2K

Applications

Inequality (I)



Determining n mass hierarchy by precision measurements 
in disappearance exp. (Zukanovich Funchal)

∆m2(ee)

∆m2(µµ) T2K-I:



Future problems toward nufact07

After the 1 year work of ISS, there are still a lot of 
problems to be worked out:

Quantitative discussions on measuring θ13 and 
effects of new physics and/or non-unitarity
(correlations of errors, degeneracies, dependence 
on the beam energy and the baseline, etc.)

Distinction between the new physics effects 
(e.g., 4-fermi interactions vs. non-unitarity from 
modification in the kinetic term)

Predictions of various models on deviation from 
SM+massive ν

many more .....


