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Context

In 1930, Wolfgang Pauli proposed the existence
of the neutrino based on observations of nuclear
beta decay (1). 25 years after, neutrinos were de-
tected by Fred Reines and Clyde Cowan. In 1962
was discovered the muon neutrino, v, and later
in 2000, DONUT discovered the tau neutrino v.-.
The theory of three types of neutrinos suggests
that each neutrino type, v., v,, and v,, defined
by the way it interacts, is a mixture of three mass
eigenstates, 1, V9, and v3. This idea originated
in 1962 with Maki, Nakagawa, and Sakata. Now,
using QM we can obtain an equation for /N gener-
ation neutrino oscillation probability P, ., |1]:
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Where o« = e, u, 7,... correspond to flavour ba-
sis and ¢ = 1,2,..., N to mass eigenbasis. A =

Ug? (UT). *U*#; (UT) o and U is the unitary
mixing matrix also called PMNS matrix.

Atmospher

Atmospheric neutrinos are produced in hadronic
showers resulting from collisions of cosmic rays
with nuclel in the upper atmosphere. Produc-
tion of electron and muon neutrinos is domi-
nated by the processes 7 — u* + v, followed
by ut — e 4+ 7, + v, (and their charge conju-
gates).

If 100% p* decay before reaching the detector
then we have a 2v, : lv, ratio. At Super-
Kamiokande there was found a zenith angle de-
pendent deficit of muon neutrinos that could be
explained with two-flavor v,, <+ v, oscillations|2)|.
For V = 2 the survival probability is:
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Figure: Oscillation probability Eq. (2) for v, — v,
in vacuum with N = 2 as a function of L/F.
Parameters: Am? = 2.2-107°eV? and

sin® 260 = 1.0.
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Reactor neutrinos
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Nuclear fission reactors produce energy from g decays n — p+e~ + v..|3| There are two categories of
reactor neutrino experiments according to the baseline length: #1 Short baseline L ~ km [4||5] and
#2 long baseline L ~ 100 km|6|. The baseline lengths are determined by the mass-squared differences
with which expect the oscillation signals.

In DayaBay it was discovered a decrease of v, flux at their far detectors which can be understood
with the 2-generation oscillation formula with the mass-square difference Am?%, and mixing angle 0;3.

2 2
In short baseline AZ%L < 1 and Am%l ~ Am?ﬁ. Then we have P, 5 =1 — sin? 265 sin? AZ%L.
2 2
In long-baseline AZ”EL > 1 then P; 5 = sin® 0135 + cos* 03 [1 — sin? 26015 sin” AZ%L]
For N = 3 and PMNS matrix the equation with no approximations is:
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Solar neutrinos

The core of the sun produces neutrinos due to fusion process. But when we meassure the solar
neutrino flux we had less than a half of the predicted by the standar model. In 1985 Mikheyev
and Smirnov points out that due to an adiabatic conversion process, the flavour of electron neutrino
could change. Then in 2002, the data released by SNO, showed that the number of solar electron
neutrino was smaller than the expected by the Standar model, but the total number of neutrinos was
consistent with the theory, then, the electron neutrino are converted into muon and tau neutrinos.
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