High Energy Corrections to Brane Cosmology

Takashi Torii (Maeda’s lab.)
   Our universe is composed of a container and matters. The container is space-time which has 1-dimensionl (1-d) time and 3-d space. In general relativity, space-time can be variable and has dynamical degrees of freedom. Its dynamics is determined by solving the Einstein equations and equation of motions of the matters simultaneously. In words of Wheeler, matters tell space-time how to curve, and space-time tells matters how to move. 

   Scientists have not been able to incorporate general relativity into the context of quantum theory. Now the most promising candidate is string theory. String theory is formulated consistently only in higher dimensional space-time, i.e., 10- or 11-d space-time. At the beginning it is considered that space of the extra-dimension is rolled up to tiny compact manifold of which size is order of Planck length in order to hide any effects of extra-dimension. This is called Kaluza-Klein compactification.
   Since 1999, new mechanisms for compactification of extra-dimension were proposed. The universe with such compactification is called brane world. Since the fundamental scale of these models can be TeV scale, it is expected that they solve the hierarchy problem of the particle physics and make the low energy unification of fundamental theories possible. Among such models, Randall and Sundrum’s model is interesting. In their model we live on a 4-d brane, which is membrane-like object, and the bulk which extends to the perpendicular direction (i.e., extra-dimension) to the brane is anti-de Sitter space-time. Because of the curvature of bulk space-time, matters and gravity are trapped and effectively compactfied on the brane. 

   Investigating cosmology in the context of brane world, the bulk effects become important in the high energy limit and give some difference from standard 4-d cosmology. Furthermore, since the unified scale is quite low, the effects of the string corrections will be important. Thence we discuss the brane cosmology including such effects. Practically we consider the Gauss-Bonnet terms that are the lowest order curvature corrections with respect to the size of strings. 

   First we assume homogeneous and isotropic 4-d universe and derive the Friedmann equations which determine the evolution of the scale factor of the universe. Then we show that (i) in the low energy limit the ordinary Friedmann universe is obtained, (ii) in the high energy limit new solution appears and (iii) some resolution of fine-tuning problem of the physical parameters. Since the evolution of the universe depends on the bulk geometry, we also show properties of all the possible static bulk solutions that are consistent to the homogeneous and isotropic 4-d universe in Einstein-Gauss-Bonnet-Maxwell system including cosmological constant.
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Fig.1 Schematic diagrams of Kaluza-Klein compactification (a) and warped compactification (brane universe) (b). 








