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Motivations for 4ν mass schemes
Solar data (and KAMLAND) shows that
∆m2

¯ ∼ 7 10−5 eV2 and tan2(θ¯) = 0.42 ;

Atmospheric data (and K2K) shows that
∆m2

atm ∼ 3.0 10−3 eV2 and sin2 2θatm = 1.00 ;

The LSND experiment shows indications of
νµ → νe appearence with a large mass scale
∆m2

lsnd ∼ 0.5− 2.0 eV2 ;

To accomodate the three mass scales we need a
sterile neutrino.

Until now, no experiment ruled out or con£rm the
LSND experiment; Wait for Mini-BooNE
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4 neutrino mass schemes
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6 mixing angles and 3 mass differences
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Constraints on 4ν mass schemes

For the solar pair

cos(θ¯)νe − sin(θ¯)ν̃

cos(θ¯)νe + sin(θ¯)ν̃

where ν̃ =
√

1− ηsντ +
√
ηsνs. In another words, ηs

is the sterile content in the solar pair. In the same way

we can de£ne a parameter ds that describe the sterile

admixture in the atmospheric pair.
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Constraints on 4ν mass schemes
For the short baseline experiments for the νe channel,
in the 2+2 mass schemes

√
1− deνe −

√
deνρ

√
deνe +

√
1− deνρ

where νρ =
√

dsνs +
√

1− dsντ . Similar for νµ
channel, de → dµ.
For the 3+1 mass schemes we replace de → 1− de.
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Constraints on 4ν mass schemes
Using the data from solar+atmospheric and short
baseline experiments we have

For the 2+2 model, 1− de < 0.02 and dµ is very
small. And for the global £t we have ds ∼ 0.5− 1
or ds ∼ 0− 0.3

For the 3+1 model, de < 0.02 and dµ is very small.
And for the global £t we have 1− ηs ∼ 0.4 is small.
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Large mass scale effects

In the standard 3ν generation scenario we have
for E > 50 GeV,
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Large mass scale effects

In the standard 3ν generation scenario we have
for E > 50 GeV,

P(νµ → νµ) ∼ 1− P(νµ → ντ)

P(νµ → ντ) ∼ sin2 2θatm sin2(∆m2
atmL/4E)

P(νµ → νe) ∼ 0 O(U2
e3) corrections

We expect no conversion νµ → νe at all and very
small νµ → ντ oscillation.
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Large mass scale effects

In the four neutrino scenario

sterile admixture
Already tested in solar and atmospheric data

large mass scale effects
Not tested ! Average out effects

We expect
P(νµ → ντ)∼ sin2(2θe f f

µτ ) sin2 (∆m2
lsndL/4E)

vacuum oscillations.

Beside that, we can have MSW ef-
fects, at TeV energy range, for the νµ → νe channel

ER
ν ∼ 1.7 TeV×

( |∆m2
lsnd|

0.5 eV2

)

×
(

2.0 g/cc
Yeρ

)

.

The large mass scale induce νe appearence and
ντ appearence.
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Probabilities

P(νµ → νµ) dip (Yasuda)
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Probabilities

P(νµ → νµ) dip (Yasuda)

NEW
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Production of Atmospheric Neutrinos

π+ → µ+ +νµ
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Production of Atmospheric Neutrinos

π+ → µ+ +νµ

µ+ → e+ + ν̄µ + νe
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Production of Atmospheric Neutrinos

π+ → µ+ +νµ

µ+ → e+ + ν̄µ + νe

At low energy,
φ(νµ + ν̄µ)

φ(νe + ν̄e)
∼ 2
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Production of Atmospheric Neutrinos

π+ → µ+ +νµ

µ+ → e+ + ν̄µ + νe

At low energy,
φ(νµ + ν̄µ)

φ(νe + ν̄e)
∼ 2

At high energy, µ+ → e+ + ν̄µ + νeX
and always , φ(ντ + ν̄τ )/φ(νµ + ν̄µ) ∼ 10−4 − 10−5

We have a almost pure νµ beam
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Upward going µ and cascades
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Upward going µ and cascades

Upward Muons

νµ

µ
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Upward going µ and cascades

Upward Muons Cascade Events-CC

νe
ντ

e
τ
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Upward going µ and cascades

Upward Muons Cascade Events-CC Cascade Events-NC

ν
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Upward going µ

Vertical
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Cascade events

Vertical
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Conclusions

Large scale mass in the range
∆m2

lsnd ∼ 0.5− 2.0 eV2 may affect the behaviour
of neutrino probabilities in the TeV energy range;

νµ → νe/ντ appearence is the signal predicted by
four neutrino mass models;

Looking for zenith distribuition of upward going
muons and cascade events may discriminate the
sign of ∆m2

lsnd and possibly the four neutrino mass
scheme.
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