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My research field is theoretical particle physics and particle astrophysics, with emphasis
on the phenomenology of extensions of the Standard Model. I am interested in studying
how signals of new physics may show up from astrophysical sources and phenomena, at
hadron and lepton colliders and in rare decay processes:

e Phenomenology of dark matter, direct and indirect detection;
e Production and detection of new particles in high energy collisions.

e Neutrino masses, lepton number and flavour violation.
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in the classroom and participation in examination sessions.
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DETAILS OF PRESENT AND FUTURE RESEARCH LINES

My present and future line of research is mainly focused on the phenomenology of mod-
els beyond the standard model with particular emphasis on the problem of dark matter
(DM). In the following I briefly outlined the main results obtained in recent publications.
Numbers refer to the List of Publications on Refereed Journals.

DIRECT DETECTION:

Direct detection by elastic scattering with nuclei in a detector in earth based laboratories
is mandatory to establish the properties of DM particles.

In [1] T have shown how to include in the calculation of the spin-dependent WIMP-
nucleus cross section, the corrections to the isovector coupling that arise in chiral per-
turbation theory, and clarified some previously unrecognized properties of the nuclear
structure functions.

In [4], I have shown that the standard formalism for spin dependent scattering can
be drastically simplified using a suitably normalized form of the nuclear form factors,
clarifying the method for setting upper limits on spin-dependent cross sections.

I have shown in [6] that the measurement of total event rate in three different nuclear
target would allow, for a given neutralino mass, for the extraction of the spin-independent
and the two spin-dependent neutralino-nucleon cross sections.

INDIRECT DETECTION:

Supersymmetric and non-supersymmetric extensions of the standard model that pre-
dict a DM candidate can be tested and constrained in an indirect way by studying the
characteristics of the annihilation that should take place in the halo of the Milky Way, of
the dwarf galaxies and cluster of galaxies.

In [3] we have proposed a new gamma-ray signal of neutralino annihilation near the
supermassive black-hole at galactic center. Sub-relativistic neutralinos can have enough
energy to annihilate into a pair of next-to-light supersymmetric particles, the stau, whose
decays provide a peculiar gamma ray signal.

In [5] we make a comparative studies of dwarf galaxies and galaxy clusters to elucidate
which object is most suited for detecting gamma rays from dark matter annihilation with
Cherenkov telescopes. In particular we have studied in details the effect of telescope’s
resolution and the effect of substructures in the halo of galaxy clusters using an analytical
approach that allows to avoid complex simulations.

In [7] we have studied the impact of internal bremsstrahlung on the flux of gamma rays
expected from the annihilation of neutralinos in the halo of the Draco dwarf galaxy and
the prospect for detection with Cherenkov telescopes, thus updating some previous stud-



ies that did not include such contribution.
COLLIDER PHYSICS AND LEPTON FLAVOUR VIOLATION:

On the other hand, LHC with already providing evidence for the existence of a parti-
cle with the properties of the Higgs boson of the Standard Model, already puts strong
constrains on beyond Standard Model physics scenarios. In the next years, with larger
statistics, it will be possible to discover or exclude the existence of particles, certainly
also DM candidates, predicted by these models. Thus the study of new physics at LHC
is complementary with astrophysics based signals.

In [2] we have introduced new variables for the study of the inclusive same sign dileptons
production at LHC which are built out of ratios of the observed number of same-sign dilep-
tons, We have applied them to constrain the stau coannihilation region of the constrained
minimal supersymmetric standard model.

Collider physics will be probably enriched in the future with the construction of an
electron-positron Linear Collider that, as it was the LEP in the past, will be the best
instrument to measure couplings and properties of new particles.

Neutrinos, among the known particles, have been in the last years source of new dis-
coveries that at the same time leave many open questions like their possible Majorana
nature, absolute mass scale, implication for lepton flavour violation in the charged lepton
sector. Past works connecting neutrino physics, lepton number and flavour violation with
collider physics are found in the articles [9]-[14].

In [1] we have recently revisited, in light of recent results from the LHC, MEG, neutrino
experiments, the issue of charged lepton flavour violation (LFV), which arises naturally in
supersymmetric theories with massive neutrinos via flavour-violating soft supersymmetry-
breaking masses for sleptons induced by radiative corrections. Using various Abelian
flavour texture models, we link the results to the expectations for neutrino mixing angles,
with particular focus on 6,3, and the prediction for the radiative decays p— > ey and
T— > w7y, and on detection prospects at the LHC and a linear collider (LC).

Future projects will move along the above three highlighted phenomenological directions
focusing on the connection between DM, the Higgs sector in beyond the standard model
physics and lepton flavour violation.
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