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Description of the 2012 activity

i. A comprehensive account of the theory of leptogenesis has been presented in ref. [1]. We have
explained why leptogenesis is an appealing mechanism for baryogenesis. We have presented a com-
prehensive review of its motivations and of the basic ingredients, and we have described subclasses
of effects, like those of lepton flavours, spectator processes, scatterings, finite temperature correc-
tions, the role of the heavier sterile neutrinos and quantum corrections. We have then addressed
leptogenesis in supersymmetric scenarios, as well as some other popular variations of the basic
leptogenesis framework.

ii. In ref. [2] we have developed the attempt put forth in ref. [3]to explain the fermion mass
hierarchy, starting from the assumption that the Yukawa couplings correspond to vacuum expec-
tation values of a spontaneously broken flavour symmetry. The tree level potential for a scalar
multiplet of ‘Yukawa fields’ Y for one type of quarks admits the promising vacuum configura-
tion 〈Y 〉 ∝ diag(0, 0, 1) that breaks spontaneously SU(3)L × SU(3)R flavour symmetry. We have
investigated whether the vanishing entries could be lifted to nonvanishing values by slightly per-
turbing the potential, thus providing a mechanism to generate the Yukawa hierarchies. For theories
where at the lowest order the only massless states are Nambu-Goldstone bosons we have found,
as a general result, that the structure of the tree-level vacuum is perturbatively stable against
corrections from scalar loops or higher dimensional operators. We have discussed the reasons for
this stability, and we have given an explicit illustration in the case of loop corrections by direct
computation of the one-loop effective potential. We have shown that a hierarchical configuration
〈Y 〉 ∝ diag(ǫ′, ǫ, 1) (with ǫ′, ǫ ≪ 1) can be generated by enlarging the scalar Yukawa sector, and
we have presented a simple model in which spontaneous breaking of the flavour symmetry can
account for the fermion mass hierarchies.

iii. In ref. [4] We have considered the see-saw mechanism within a non-supersymmetric SO(10)
model. By assuming the SO(10) quark-lepton symmetry, and after imposing suitable conditions
that ensure that the right-handed (RH) neutrino masses are at most mildly hierarchical (compact
RH spectrum) we obtain a surprisingly predictive scenario. The absolute neutrino mass scale, the
Dirac and the two Majorana phases of the neutrino mixing matrix remain determined in terms
of the set of already measured low energy observables, modulo a discrete ambiguity in the signs
of two neutrino mixing angles and of the Dirac phase. The RH neutrinos mass spectrum is also
predicted, as well as the size and sign of the leptogenesis CP asymmetries. We have computed the
cosmological baryon asymmetry generated through leptogenesis, obtaining the correct sign, and a
size compatible with observations.

v. The general theory of leptogenesis, with special attention to its most striking phenomenolog-
ical consequences, and including all the most recent refinements, constituted the main research
topic of the group during the past few years and also during 2012. Nevertheless, the group is
also active in other lines of research, among which quite notably is the construction of theoretical
models for neutrino masses in GUT theories [5], the phenomenology of lepton flavour violation [6],
non-Abelian discrete symmetries as a way to explain the quark and lepton mass matrices [7] and
supersymmetric R-parity [8].
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