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1. INTRODUCTION
The frontiers in nuclear, particle and astro-particle physics are
delimited by a line of challenging questions, particularly those
related to neutrino physics (neutrino oscillations and neu-
trino mass), and its consequences upon the abundances of
primordial elements in Big Bang Nucleosynthesis (BBN), the
physics of supernovae (SN), and the observation of highly ener-
getic phenomena (neutrino emission from quasars and micro-
quasars).

The suitable theoretical tools which are available, at the time
of performing actual calculations in these various scenarios,
include:

e Models of the neutrino: that is oscillation parameters, mix-
ing with sterile neutrinos and the number of sterile neutrino
species, mass ordering and hierarchies.

e Models of nuclear structure at low energies, which are needed
to compute reliable nuclear matrix elements for rare decays,
like the neutrinoless double beta decay, and cross sections for
neutrino-nucleus scattering, and for the calculation of BBN
processes.

e Relativistic models of nuclear structure, for the scattering
neutrino-nucleus at high energies, and for the calculation of
neutrino related astrophysical events, like quasars and micro-
quasars.

Naturally, one should also consider astrophysical models of highly
energetic processes which generate neutrinos in the field of star
models, as well as in cosmology.

In this inaugural letter, I shall try to give a flavor of the
sort of questions and motivations which the Journal will wel-
come. I shall refer to some of the open problems, which I think
may have high impact on the field, a choice which obviously
represents a small sample of the complete universe of today’s
problems.

Since the prediction about its existence, by Pauli, the neutrino has been, and still is,
the principal object in the field of nuclear, particle and astroparticle physics. Issues like
its mass, oscillation parameters, the mixing with sterile species and its inclusion in
cold dark matter scenarios, have raised the expectations of generations of physicists,
astrophysicists and cosmologists. Without doubt, the coming years may bring a major
breakthrough in neutrino physics. This is a welcome note for those which are willing
to cope with the challenging and intriguing aspects of this elusive particle. Overview is
given for the challenging and intriguing aspects of the neutrino physics in the context of
astroparticle and cosmological studies.
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2. SOME OPEN PROBLEMS

Our short list includes the following topics. The list of refer-
ences is not complete and it is intended to as an introductory
bibliography.

o Nuclear structure and BBN open questions: the cosmological " Li
problem.
The chain of reactions known as BBN explains the sequence
leading to the formation of the light elements. The predicted
abundances are in good agreement with the experimental data,
with the possible exception of “Li [1]. The theoretical predic-
tions, starting from the neutron beta-decay until freeze-out, are
based on nuclear reaction assumptions whose basic ingredi-
ents are thermal equilibrium and standard reaction rates and
cross sections. The data show a nice agreement, between the
calculated and observed abundances, except for ’Li. For this
nucleus, the observed abundance is systematically smaller, by
a factor 2 or so, than the calculated one. Naturally, one may
try to fix the difference by using experimental cross sections,
for reactions leading to “Li. Among the possible explanations
of the deficit in the abundance of 7Li, one may think of astro-
physical mechanisms, like the trapping of primordial Li in the
interior of stars [5, 6], of nuclear reactions involving resonances
[7, 8], or just errors in the determination of the experimentally
extracted values. While in some recent references, the domi-
nance of astrophysical mechanisms has been advanced [5, 6], in
some others, the nuclear reaction and nuclear structure sectors
of the theory [7, 8] have been revisited to include resonances in
the reaction channels involving Be, in such a manner that the
reduction in the abundance of ”Li is just the result of decays
which deplete the abundance of Be. This is, indeed, a very inter-
esting problem, still unsolved, which may be further explored
experimentally by performing measurements of nuclear reac-
tions involving Be and its excited states, and theoretically, by
performing nuclear structure calculation in the presence of
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resonances. Certainly, this can be achieved, for instance, by
using shell model basis or other approximations, adapted to
the handling of resonant single particle states.

The mixing between sterile and active neutrinos: using cosmology
to restrict the parameters of the mixing.

The analysis of the measurements performed by the Wilkinson
Microwave Anisotropy Probe (WMAP) [1] and by Planck [2]
have constrained rather accurately some relevant cosmological
parameters, like the baryon to photon ratio and the effective
number of neutrinos. These results are of importance at the
time of making a comparison with theoretical models, par-
ticularly those which include the mixing between sterile and
active neutrinos. One aspect which is particularly sensitive to
the inclusion of sterile neutrinos in the neutrino spectrum
is the determination of the neutrino occupation factors, rele-
vant for the calculation of other cosmological observables, like
light nuclei abundances. The theoretical models may accom-
modate one or more sterile neutrino species in interaction
with the standard three mass eigenstates, such that the result-
ing spectrum, which will be dependent on extra mixing angles,
may depart from the standard three-flavor scheme [9-11]. This
is achieved in two steps, by solving the neutrino eigenvalue
problem in presence of sterile neutrino, and then, by using
the resulting spectrum in solving the evolution equation for
an expanding Universe. The results of the calculations per-
formed so far are rather interesting, since, once again, the
calculations have opened the way to a very detailed compari-
son between observational data, like the ones of WMAP and
Planck, with models which take into account different for-
mulations of the cosmological framework by treating different
degrees of freedom, as it is the case of models with more than
one sterile neutrino species, varying cosmological parameters
[12]. Thus, it would be very interesting to see, in future devel-
opments of the cosmological models, if the number of extra
sterile neutrinos can be constrained and if their inclusion in
leptonic mediated decays and reactions may explained for the
data. Along this, one can discuss, for instance, the depen-
dence of WMAP and Planck observables upon extra light- and
heavy-mass sterile neutrinos.

Neutrino masses from nuclear structure and cosmological consid-
erations.

The nuclear neutrinoless double beta decay is perhaps the
rarest event in nuclear and particle physics. It may proceed by
massive Majorana neutrino exchange between nucleons in a
nucleus, and because of its kinematics limitations it may be the
unique way of determining the absolute scale of the neutrino
mass spectrum. Naturally, because its leading contribution is a
second order processes in the electro-weak Hamiltonian, the
measurement of the half-life of a nuclear double beta decay
emitter, which has a lower limit of the order of 10> years
[3, 4], is a real challenge to the imagination of experimental
physicist [13, 14]. In parallel to this, the value of the effec-
tive neutrino mass, relevant for the double beta decay, cannot
be directly extracted, even if the decay is detected, without a
precise control of the involved nuclear matrix elements, and,
at least, without setting precise limits on each of the possible
mechanisms, other than the mass one, which may contribute

to the decay. The activity in this field is very intense, and will
continue to be intense in the near future, because of the need
to converge to reliable values of the relevant nuclear matrix ele-
ments, and because of the possibility of improvements from
the experimental side, that is by the way of increasing the sen-
sitivity to masses of the order of tens of meV. Smaller values
of the neutrino mass may not be directly accessible by mea-
surements, with the present techniques at least, but they will
certainly point out to other scenarios, like super-symmetry
(SUSY). In these models the light neutralino is a combination
of super symmetric gauge-fermions and Higgs partners [15].

e Highly energetic neutrinos from galactic and extra galactic objects
and their detection.
Highly energetic neutrinos may originate in micro-quasars,
which are binary systems formed by a donor star and a com-
pact object [17]. The accompanying collimated jets, where
particles are accelerated to very high energies, are the source
of high energy neutrinos. In this context, the effects of neu-
trino oscillations, on the neutrino fluxes coming from these
astronomical objects, have been studied in the past years, and
these studies have shown that the initial neutrino-flavor ratios
are indeed very much affected by neutrino oscillations. The
detection of neutrinos from micro-quasars is crucial to investi-
gate the jet-composition and the particle acceleration processes
inside the jet. Ice-cube type detectors [18] (or for the sake
of the discussion, a cubic Km scale detector), may be sensi-
tive to energies in the range 1-1000 TeV. The formalism, which
consists of the expressions for the neutrino-flux as a function
of astrophysical parameters, contains elements coming from
the reaction sector, like the energy dependence of the proton
spectrum, the neutrino sector, like the oscillation parameters
and the interactions between the neutrino and the media. It
is complemented by the calculations of the ratio between sig-
nals and noise, which is suppressed by neutrino oscillations
[19]. However, if neutrinos of these sources are detected by a
km-scale detector, several constrains on the normalization con-
stant, and consequently on astrophysical parameters, such as
the total jet power, the compact object accretion rate, and the
wind velocity, among others, can be obtained. The predicted
reduction of the signal-to-noise ratio, produced by the inclu-
sion of neutrino oscillation in the formalism, may substantially
increase the time of observation. Certainly, all of these may
need a very detailed exploration, from the theoretical side,
and it can greatly contribute to a better understanding of the
neutrino composition and its interactions.

3. FINAL COMMENTS

Neutrino physics is an extremely rich branch of physics, with
intense links between nuclear physics, particle physics, astron-
omy, astro-particle physics and cosmology. It is a very rich source
of motivation for studies in the domain of few meV to hun-
dreds of TeV. It may be the only possible way to demonstrate
the need of theories beyond the standard model of electroweak
interactions and to pave the way to highly hierarchical models,
like supersymmetry. The atomic nucleus is the primary labora-
tory, since it may signal the existence of extremely rare decays
from where one can extract information about the neutrino. In
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addition, since they share a fair deal of common grounds, the
search for leptonic cold dark-matter is strongly tied up to nuclear
processes, as it will be the case if the seasonal modulation of
cold dark matter signals is confirmed [16]. Thus, we have here
a cornerstone in neutrino studies which will eventually open the
way to a deeper understanding of the structure of the Universe,
as it can be easily grasped from the consequences of a direct
measurement of these exotic processes. Another potential line of
research is the complementarity existing between low and high
energy phenomena involving neutrinos. One can thus investi-
gate the connection between high energy observables extracted
from LHC data (like ATLAS and CMS data on heavy neutrinos)
and low energy decay processes, like neutrinoless double beta
decay to eventually set-up limits on the left-right extensions of the
Standard Model.

The Universe is the ultimate tool to enlarge the knowledge on
neutrinos, both by testing cosmology and by observing highly
energetic processes with the participation of neutrinos. The com-
plexity of all of this may be overcome by the feeling that it is part
of the beauty of the landscape which may be around the corner.
Thus, the neutrino could be the tiny messenger (piccolo postino)
revealing it.
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