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 Cosmology: Thermodynamic model of decaying dark energy 

The thermodynamic demand that dark energy be an extensive thermodynamic quantity, related to the consideration of its quanta, requires account of its chemical potential. In turn, this leads to a model of decaying dark energy.   The resulting evolution of the components’ energy density in the model can solve the coincidence and fine-tuning problems, and reproduce the supernova redshift data[1]. Among other subjects, this work was discussed with CERN researcher M. Giovannini, and an analysis and extension of the proposal was carried out within the following general guidelines:  understanding the thermodynamic restrictions on this line of research, finding   a microscopic model that can account for the thermodynamic equations, and considering   the statistical mechanics link. A two-component model for dark energy in terms of a vacuum component and a particle component, fermionic or bosonic, was proposed.  Such a model can explain the linear dependence of the thermodynamic intensive variables on the energy density, and understands the parameters of the equations as effectively obtained from the weight of the components. Free versus interactive models were compared, and study was begun on the connection of the equation of state parameters to interactions.   Restrictions on equilibrium behavior for the dark-energy component in the universe evolution were obtained from the comparison of the decay time linked to interactions versus the Hubble time. A   recent discussion on a unified dark-matter dark-energy idea[2] suggested an application of the model to describe in a unified way the inflationary and recent accelerating epochs.   As agreed with M. Giovannini, further analysis on several subjects will continue, which could lead to the completion of this work.  Among the immediate goals are checking the feasibility of the two-component dark-energy model to describe the inflationary, radiation, and matter dominated epochs, studying its relation to the other universe components, and also its related transition processes as reheating, and fluctuation generation.

Astroparticle physics: Energetic cosmic rays

An ongoing puzzle in cosmic-ray research is the controversial measurement of energetic rays of 10^19 eV and larger, which corresponds to a   flux beyond the GZK limit. This means that there is no way to explain them with a standard mechanism either within or beyond the galaxy. A dark-energy decaying process may have observable effects, and constitutes a possible explanation.   Tentative calculations have been tried within such a model[1], from which information as   the exchange particle mass can be obtained, within a particle physics model. An aim within this approach is to extend the model’s predictions, and obtain the expected flux, and spectrum of the arriving particles. Through discussions with CERN researcher C. Boehm, a direct scattering process, instead of particle decay, was considered. While the obtained values for the cross section are plausible, it was apparent there are too many uncertainties in the model to motivate pursuing the idea at this point, although a more detailed decaying dark-energy model as the one being developed would be useful.

Particle physics: Model of generation of CP-violation phase and connection to Higgs mass  

A model is explored that relates the Higgs sector of the standard with a mechanism that generates a CP-violating phase. Aspects as the theory’s gauge invariance, and necessary tools as renormalisation were studied.  Advances were made on this work on these areas, and also on the understanding of the CP-violating angle within the different allowed bases for the CKM matrix, the calculation of gauge field corrections, the renormalisation group extension of the equations, and mass generation through spontaneous symmetry breaking.
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