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Conferences:

- invited talk – IPhT Departmental Meeting - 15-17 Oct 2008, Batz-sur-Mer, France

- invited talk – UniverseNET school and meeting - 22-26 Sep 2008, Oxford, UK

- talk – NOW 2008, Neutrino Oscillation Workshop - 6-13 Sep 2008, Conca Specchiulla, Italy

- talk – iDM2008, Identification of Dark Matter - 18-22 Aug 2008, Stockholm, Sweden

- 12th Paris Cosmology Colloquium 2008 Ecole Chalonge - 17-19 Jul 2008, Paris, France

- PLANCK 2008, From the Planck scale to the EW scale - 19-23 May 2008, Barcelona, Spain

- organizer – PONT d’Avignon 2008 - 21-25 Apr 2008, Palais des Papes, Avignon, France

- GDR Neutrino - 10-11 Apr 2008, Saclay, France

- convener – ENTApP DM Visitor’s Program DESY - 25-29 Feb 2008, Hamburg, Germany

- Dark Matter at Small Scales - 13-15 Feb 2008, APC, Paris, France

- invited talk – GDR SuSy - 12-14 Nov 2007, Bruxelles, Belgium

- invited talk – The Path to Neutrino Masses - 3-6 Sep 2007, Aarhus, Denmark

- invited talk – TeV Particle AstroPhysics - 27-31 Aug 2007, Venice, Italy

- invited talk – LHC-Cosmology Interplay CERN Theory Institute - 9-20 Jul 2007, CERN

- invited talk – GDR Neutrinos Plenary Meeting - 21-22 Jun 2007, APC, Paris, France

- invited review talk – Rencontre at the Colegio de España - 17-18 May 2007, Paris, France
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- invited talk – GDR Neutrinos Plenary Meeting - 13-14 Mar 2007, LAPP, Annecy, France

- invited short talk – CERN Dark Matter Visitor Program - 5-9 Mar 2007, CERN

- talk – Rencontres de Physique de Particules 2007 - 28 Feb - 2 Mar 2007, Grenoble, France

- invited talk – Aspen Conference on Neutrinos Astrophysics - 28 Jan - 3 Feb 2007, Aspen

- Nobel Conference, Ecole d’Astrophysique D. Chalonge - 16 Dec 2006, Paris, France

- talk – ENTApP Annual Meeting (Theoretical Astroparticle) - 12-14 Dec 2006, Paris, France

- High Energy Physics in the LHC Era - 13-17 Nov 2006, LPNHE Jussieu, Paris, France

- Astroparticle Workshop - 23 Oct - 4 Nov 2006, Galileo Galilei Institute, Firenze, Italy

- invited talk – NUFACT 06 - 24-30 Aug 2006, Irvine CA, Usa

- talk – IFAE (Incontri sulla Fisica delle Alte Energie) - 19-21 April 2006, Pavia, Italy

- XI IFT-UAM/CSIC Christmas Workshop - 14 -16 Dec 2005, UAM, Madrid, Spain

- talk – QUEST Meeting 2005 - 12-13 Dec 2005, UAM, Madrid, Spain

- Tribute to John Bahcall - 29 Oct 2005, IAS, Princeton NJ

- talk – INFO 05, Implications of Neutrino Flavor Oscillations - 11-15 Jul 2005, Santa Fe NM

- Cosmic Connections – 17-23 Apr 2005, Quarrata, Italy

- COSMO 2004 - 17-21 Sep 2004, Toronto, Canada

- talk – PASCOS 2004 - 16-22 Aug 2004, Northeastern University, Boston MA, Usa

- IFAE (Incontri sulla Fisica delle Alte Energie) - 14-16 Apr 2004, Torino, Italy

- CAPP 2003, Cosmology And Particle Physics - 12-17 June 2003, CERN

- PLANCK 2003 – 26-31 May 2003, Madrid, Spain

- Pisa Week on Astro-Particle Physics and Cosmology: LSS and CMB, 5-9 May 2003

- talk – IFAE (Incontri sulla Fisica delle Alte Energie) - Lecce, Italy, 23-26 April 2003

- talk – Moriond 2003, EW Interactions & Unified Theories - 15-22 Mar 2003, Les Arcs, France

- PLANCK 2002 - Kazimierz, Poland, 25-29 May 2002

- short talk – Moriond 2002, EW Interactions & Unified Theories - 9-16 Mar 2002, France

- Corfu 2001, Summer Institute on Elementary Particles - 31 Aug-21 Sep 2001, Corfu, Greece

- PLANCK 2001 - 11-16 May 2001, La Londe les Maures, France

- IX National Seminar of Theoretical Physics - 4-15 Sep 2000, Parma, Italy
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Invited Seminars and other short term Visits

- CERN-TH Colloquium, CERN Theory Division (October 2008)

- Colloquium IPhT, Saclay, France (March 2008)

- CPT, Ecole Polytechnique, Palaiseau, France (March 2008)

- LPT, Paris XI Orsay, France (February 2008)

- LUTH, Observatoire de Paris, Meudon, France (November 2007)

- ULB Brussels, Belgium (October 2007)

- CPT Marseille, France (May 2007)

- IPN Lyon, France (April 2007)

- University of Wisconsin-Madison WI, Usa (February 2007)

- Fermilab, Batavia IL, Usa (February 2007)

- SPhT CEA/Saclay, France (April 2006)

- University of Washington, Seattle WA, Usa (February 2006)

- Harvard University, Cambridge MA, Usa (February 2006)

- New York University, New York NY, Usa (February 2006)

- EPFL, Lausanne, Switzerland (January 2006)

- Torino University, Italy (January 2006)

- ICTP, Trieste, Italy (January 2006)

- SPhT CEA/Saclay, France (December 2005)

- Institute for Advanced Study, Princeton NJ (October 2005)

- Zurich University, Switzerland (June 2005)

- Brookhaven National Lab, Upton NY (April 2005)

- SUNY Stony Brook NY, Usa (April 2005)

- UC Riverside CA, Usa (April 2005)

- UC Los Angeles CA (April 2005)

- UC Berkeley CA (April 2005)

- Harvard University, Cambridge MA, Usa (March 2005)

- Los Alamos National Lab, NM, Usa (March 2005)

- Cornell University, Ithaca NY, Usa (April 2004)

- Milano-Bicocca University, Italy (2003, 2004, 2006)

- Department of Physics at Pisa University (2002-2003)
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Research Description:

My current research activity focuses on the intersections among

- Particle Theory Beyond the Standard Model,

- Neutrino Physics,

- Astrophysics and

- Cosmology.

In particular, my main current interests lie in Neutrino Cosmology and in exploring the phe-
nomenology of Dark Matter models, with a special attention to our recent proposal of Minimal
Dark Matter.

In the following, I briefly review my past research activity in some detail, and give an outlook
of the open projects and directions.

I began my work in Particle Theory Beyond the SM by computing some relevant observables
in the framework of the theory proposed by R. Barbieri, L. Hall and Y. Nomura (Phys. Rev.
D63, 105007, 2001), an extension of the Standard Model to five dimensions endowed with a
supersymmetric structure. The theory is successful in providing a description of the mechanism
of electroweak symmetry breaking thanks to the extra dimension, while ensuring calculability for
several quantities, a property that is not so common among extra dimensional models.

In [1] cited above we found that the production rate of the Higgs boson via gluon fusion (which
is the main channel at a hadron collider) is significantly suppressed, due to cancellations among
the additional (Kaluza-Klein) states of the theory.
In [2] we showed that the theory is compatible with the precision measurements of muon anoma-
lous magnetic moment, by explicitly computing all the relevant additional contributions to such
a quantity and finding them small.

In [4], I shifted to a more general class of models, characterized by large flat extra dimensions
accessible to a sterile neutrino. We analyzed the effects in the context of supernova physics, where
resonant oscillations between the Standard Model electron neutrino and the additional sterile
states provide an unconventional escape channel. We showed (via numerical and analytical work)
how previous bounds can be largely overcome, thanks to a feedback mechanism that self-limits
the energy loss, and we discussed positive effects towards supernova explosion.

In [5] we completed the previous analysis including the effects of muon and tau neutrinos escape,
showing how a feedback prevents an unacceptable energy loss also in this case. For all the different
scenarios, we discussed the signatures in the neutrino signal on Earth.

In [7] we performed a thorough analysis of oscillation signals generated by one extra sterile
neutrino, extending previous analyses done in simple limiting cases and including the effects of
established oscillations among active neutrinos. Many New Physics candidates act effectively as
sterile neutrinos, so that we include them all. We consider as probes the solar, atmospheric, reactor
and beam neutrinos, Big-Bang Nucleosynthesis (4He, D), the Cosmic Microwave Background,
Large Scale Structure, supernovæ and neutrinos from other astrophysical sources. We found
no evidence for a sterile neutrino in present data, we identified the still allowed regions, and
studied which future experiments can best probe them: sub-MeV solar experiments, more precise
studies of CMB or BBN, future supernova explosions. . . I particularly was involved in the SN and
cosmological studies.

In [9], we addressed the implications on solar neutrino oscillations of the recent proposal that the
mass of the neutrinos and the field responsible for dark energy may be connected, leading to the
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effect of mass varying neutrinos depending on environment. We stressed the model independent
consequences, finding in particular that a connection between the effective ∆m2 in the Sun and
the absolute neutrino mass scale is established in these scenarios. This leads to the possibility of
explicitly testing the model and to other interesting consequences both for the neutrinos and for
the mechanism of dark energy.

In [10] we presented results on neutrino fluxes from the annihilation of Dark Matter particles
(neutralinos, KK dark matter, strongly interacting dark matter, GUT scale dark matter . . . )
accumulated in the center of the Earth and the Sun. They will be hopefully detected in the
Neutrino Telescopes (Antares, IceCube, a large Cerenkov detector...). The neutrino fluxes carry
precious information on the main properties of DM (its abundance, its mass and its annihilation
branching ratios), opening unique windows on its nature and on the theory that encompasses
it. We computed precisely the expected neutrino yield and, especially, the neutrino spectra,
which are more free from astrophysical uncertainties. We developed the appropriate formalism
to follow the neutrino production, the evolution of the fluxes in the matter of the Earth and the
Sun (determined by flavor oscillations, absorptions/scatterings and tau regeneration) and in the
vacuum and finally the detection signatures.

In [11] we explored a new approach to the Dark Matter problem: while Beyond-the-SM the-
ories often provide DM candidates with a complex phenomenology and an ad-hoc method for
stabilization (such as R-parity in SuSy), we looked for a viable candidate just adding to the
SM a multiplet in some representation of SUL(2) ⊗ UY (1). We find that a quintuplet with zero
hypercharge provides a new minimal candidate for Dark Matter that is fully successful: weakly
interacting, electrically neutral and (most importantly) automatically stable on cosmological time
scales. We computed its distinctive phenomenology at colliders (the LHC) and in experiments of
direct and indirect DM detection, finding that the particle can be detected in the next generation
of experiments.

In [12] we investigate the cosmology of ordinary neutrinos and of possible extra light particles. We
make use of the most recent data from Cosmic Microwave Background, Supernovæ type Ia, Large
Scale Structure, Lyman-α forest, Baryon Acoustic Oscillation peaks etc. We obtain stringent
constraints on the neutrino mass, the effective neutrino density and the properties of proposed
new interacting light particles that diminish the neutrino free-streaming. It should be noted that
we performed all the analysis making use of numerical codes and tools written and developed by
ourselves instead of the commonly used CMBfast-derived tools.

With [13] we investigated how unconventional cosmologies can relax the stringent bounds on sterile
neutrinos. We open the way to a possible primordial leptonic asymmetry, that has the effect of
suppressing the production of sterile neutrinos in the Early Universe, therefore modifying the
constraints from BBN and from LSS. We identify the portions of the parameter space that can
be reopened by introducing a given asymmetry. In the case of the LSND sterile neutrino, we
find that a primordial asymmetry of the order of 10−4 is needed in order to lift the conflicts with
cosmology.

With [14] we revisited the computation of the cosmological relic abundance in the Minimal Dark
Matter proposal introduced in [11], including non-perturbative ’Sommerfeld’ corrections. These
were found to have a very relevant effect in enhancing the DM annihilations. We also study the
peculiar behavior of the DM particles while crossing the Earth at Ultra High Energies, in order
to assess the possible detectability in future cosmic ray and neutrino telescopes (e.g. Icecube,
Auger, Antares).

In [15] we precisely calculated the indirect detection signatures of the Minimal Dark Matter model
of [11]. We computed the fluxes of positrons, antiprotons and gamma rays from the annihilations
of DM particles in the galactic halo and their propagation in the galaxy (designing our own
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computational tools). We found distinctive and univocal predictions (the model has no free
parameters). The enhancement in the annihilation cross section discussed in [14] put the foreseen
fluxes within the reach of those that were upcoming experiments, PAMELA in particular.

When the PAMELA satellite announced preliminary data on the positron flux, showing confirma-
tion for an excess over the expected background that previous experiments had already exposed,
we compared in [16] the fluxes from Minimal DM annihilations predicted in [15] with such data.
We found a remarkably good agreement, and we were able to determine the set of astrophysical
parameters that gives the best fit. The upcoming higher energy results from PAMELA and other
experiments will crucially falsify or confirm the model.

In a subsequent paper [17], we performed a model independent analysis of the PAMELA prelimi-
nary data on positrons and anti-protons, together with less known but relevant data from cosmic
ray balloon experiments (ATIC and PPB-BETS). We looked for which DM models can explain
the signals that appear in the data while remaining compatible with the searches in all other
channels. We find that the PAMELA results alone, if due to DM annihilations, individuate a
quite unusual DM particle: either very heavy (above 10 TeV) or lighter but annihilating mainly
into leptonic channels such as DM DM → e

+
e
−. Adding the balloon datasets, only the second

possibility is favored. Future data will crucially clarify this issue.

During my laurea thesis work I also dealt with the physics of Strong Interactions and Quantum
Chromodynamics. We derived a formula for a particular regime in Drell-Yan processes (the
production of a lepton–antilepton pair in proton–antiproton collisions). Namely, the intersection
of threshold production and small transverse momentum regimes. I had the opportunity of
studying in a certain detail the resummation of soft gluon emissions.

In the upcoming future, I plan to further explore the indirect detection signatures of Dark
Matter and to investigate the effect of non-standard neutrino interactions in the core of Super-
novae. On this latter topic, preliminary results obtained in collaboration with Renata Zukanovich-
Funchal (Sao Paulo) show that even a tiny amount of non-standard neutrino interactions that
convert an electron neutrino into a muon or tau neutrino (as predicted by many extensions of the
SM) drastically modify the transport of energy outside of the core of the collapsing star, since
electron and muon/tau neutrinos have very different transport properties. So we expect that
SN physics will impose stringent bounds on such interactions, currently poorly constrained by
experiments. Concerning Dark Matter, I plan to analyze (in the context of the master project
of Carolin Braüningen) the predictions for the fluxes of antideuteron from Minimal Dark Matter
annihilations, soon to be searched for by satellite experiments such as GAPS. In collaboration
with Alessandro Strumia, Gianfranco Bertone and others I plan to pursue the model independent
analysis of multi-messenger indirect signatures extending to gamma rays and synchrotron radia-
tion. Concretely, the goal would be to develop the tools to assess which DM models can explain
possible signals that might appear in the data (e.g. the current PAMELA excess in positron fluxes,
or future possible results from the Fermi/GLAST telescope in gamma rays...) while remaining
compatible with the searches in other channels, or producing predictions for other channels.
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