In the following years the interplay between cosmology and particle physics will provide us with detailed information about the nature of the physics that lies beyond the Standard Model (SM) of particle physics, especially in the eve of large experimental projects in particle physics and cosmology, where the European contribution is expected to be significant: the Large Hadron Collider (LHC) at CERN, the PLANCK satellite, new neutrinos telescopes etc. In this project we focus our attention on topics about Dark Matter (DM), where information can be shared between these two main fields of physics.

Supersymmetry (SUSY) is probably the best motivated extension of SM, since it answers the main theoretical weakness of the SM, that is the stability of the Higgs potential. In addition, it provides an explanation of electroweak symmetry breaking though radiative corrections, as well as a conceptual framework for unifying all the interactions of SM, including gravity in the context of its local version, supergravity (SUGRA). One of the most appealing features of the SUSY models is that, they can provide us with a stable neutral particle a suitable candidate for the DM constituent. This is the lightest supersymmetric particle (LSP). In most SUSY models this is the lightest neutralino, an admixture of the super- partners of the photon and the Higgs and Z-bosons.

Within this framework the main objectives of this proposal are:

• calculation of the DM abundance and the study of direct and indirect DM signatures in supersymmetric models with CP violation

• baryogenesis through leptogenesis in the context of supersymmetric Grant Unified Theory (GUT) models

• study of scenarios where the gravitino playing the role of the DM constituent and

• interplay between DM and Dark Energy in the context of GUT String based models.

According to the work plan during the first year of the reintegration project, the researcher was mainly concentrated into the following topics: 1) phenomenology of supersymmetric models with explicit CP-violation phases and 2) scenarios with gravitino DM.

For the first activity the researcher studied supersymmetric models with non-universal boundary conditions at the GUT scale. It was shown that these models are described by twelve independent CP-violating phases and one angle, which misaligns the vacuum expectation values (VEVs) of the Higgs scalars. Two-loop renormalization group equations (RGE) were run, for all parameters involved, including phases. The minimization conditions were properly treated using the one-loop effective potential, with CP-violating phases fully included. It was found that the two-loop running of phases may induce sizable effects for the electric dipole moments (EDMs) that are absent in the one-loop RGE analysis. Also important corrections to the EDMs are induced by the Higgs VEVs misalignment angle, which can be sizable in the physically interesting regions of the model. Scanning the available parameter space, revealed regions compatible to accelerator and cosmological data with emphasis on rapid neutralino annihilations through a Higgs resonance. Interestingly enough, it was discovered that large CP-violating phases, as required in Baryogenesis scenarios, can be tuned to obtain agreement with Dark Matter constraints, EDMs and all available accelerator data, in extended regions of the parameter space which may be accessible to LHC. In the following years of the project, a central aim is to obtain the full set of annihilation and coannihilation amplitudes for neutralino decays, including CP-phases. For this reason a program that uses a FormCalc code was developped, enabling an analytic calculation of these amplitudes.
The second target focused on exploring the scenario where the gravitino is the LSP dark matter particle and the long-lived next-to-lightest sparticle (NLSP) is the neutralino or the stau, the charged partner of the tau lepton. In the case that the stau is the NLSP, bound states can be formed between this and several nuclei. These “exotic” bound states are affecting the cosmological abundances of light elements like 
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 and  by enhancing nuclear rates that would otherwise be strongly suppressed. These effects were  considered on the final abundances produced in Big-Bang nucleosynthesis (BBN), including effects from the injections of both electromagnetic and hadronic energy during and after BBN. It was found that for stau lifetime longer than 10,000 sec, the abundances of the lithium isotopes 
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 are far in excess of those allowed by observations. On the other hand, for shorter lifetimes around 1,000 sec, it appears that stau bound state effect could serve us to explain the so-called cosmological lithium puzzle can be explained

In addition, the case where the gravitino is unstable and we have neutralino DM, was also studied. The research included the decays of massive gravitinos into neutralino dark matter particles and Standard Model secondaries during or after Big-Bang nucleosynthesis. A new suite of codes for evaluating such effects was developped, including a new treatment based on PYTHIA event generator of the evolution of showers induced by hadronic decays of massive, unstable particles such as a gravitino. An analytical treatment of non-thermal hadron propagation in the early universe was also included and used to derive analytical estimates for light-element production and in turn on decaying particle lifetimes and abundances. Upper limits were derived on its possible primordial abundance before decay for different possible gravitino masses, with supersymmetric parameters along strips where the lightest neutralino provides all the astrophysical cold dark matter density. For small gravitino masses, no solution to the cosmological 
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 problem was found to exist. On the other hand for large gravitino masses above 3 TeV, it appears that there is a narrow region of the parameter space, where the 
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 abundance is marginally compatible with the other light-element abundances.

Presently, the focus is on updating the analysis on the gravitino DM models. This includes refining the calculation on the decays of the NLSP particle and estimating precisely the abundance of the bound states that are formed between staus and light element nuclei. In addition, the researcher started the full calculation of the three body decays of gravitino to neutralino and other particles, using FormCalc. 

In the following years, Dr. Spanos will be addressing the rest of the topics in the context of this project. Especially, it will be challenging to combine the forthcoming data from accelerator experiments like those at LHC and direct and indirect  DM searches experiments. Special statistical techniques like the Markov Chain Monde Carlo (MCCM) will be incorporated in the analysis to make this combination as efficient as possible. 
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