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Main scientific activities and achievements during the year 2015

Dark matter: The nature of dark matter (DM), and in which way DM particles could interact
with ordinary matter, is one of the most compelling questions in particle physics, and is an active
topic of research in our group. A general analysis of the possibility that the aboundance of DM is
dominated by an asymmetry of the same origin of the Cosmological matter/antimatter asymmetry
was presented in Ref. [1] The possibility of automatically stable DM candidates from GUT theories
of rank larger than four is certainly very appealing. The possibility of a fermionic DM candidate
from the fundamental representation of an SO(10) GUT was first put forth in [2]. DM is allowed to
decay if its lifetime remains longer than the age of the Universe. However, this could yield specific
astrophysical signatures du to the DM decay products. A scenario of this stype has been studied
in [3] in relation with the observation of high energy neitrino events at IceCube.

Leptogenesis: The general theory of leptogenesis, with special attention to its most striking
phenomenological consequences, and including all the most recent refinements, keeps being one
of the main research topic of the group, whose scientific leadership in this field is internationally
recognized. In relation with leptogenesis studies, we have confronted SO(10) models with charged
fermions and neutrino data, revisiting the issue of the generation of the observed fermion mass
spectrum and exploring the possibility of embedding leptogenesis in non-supersymmetric SO(10)
GUTs. We have shown that some sets of fundamental parameters (Yukawa couplings and vevs)
which are able to fit the charged fermions and neutrino mass/mixing patterns, can automatically
yield the correct amount of cosmological baryon asymmetry. New CP-violating decay channels for
the heavy singlet neutrinos which are specific of SO(10) models have been identified for the first
time [4].

Neutrino physics and flavour physics: Implementing the inverse seesaw mechanism in a
SU(3)xSU(3)xU(1) gauge theory implies flavor correlations between charged lepton flavor violat-
ing (LFV) decays and the measured neutrino oscillations parameters. The predictions follow from
the gauge structure itself without the need for any flavor symmetry. Such tight complementarity
renders this scenario testable [5].

Recent LHCb results hint to lepton universality violation in b→ s transitions at the level of
2.6 σ which would also imply LFV B decays. With the assumption that the unitary transformation
between weak and mass charged leptons equals the leptonic mixing matrix measured in neutrino
oscillation experiments, branching ratios for LFV B meson decays can be predicted. It has been
shown that some of these branching ratios correlate in an interesting way with the leptonic CP-
violating phase δ characterizing neutrino oscillations [6].

The major achievements of a line of researches that we started a couple of years ago have been
resumed [7], in which we describe how the complete pattern of quark Yukawa couplings (quark
masses, CKM mixing angles, and the CKM CP violating phase) can be obtained as a consequence
breaking spontaneously the SU(3)3 quark-flavour symmetry, with no need to introduce hierarchical
parameters, since all hierarchies are generated dynamically.
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