Quantum Matter at low energy
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The new physics of this XXI century is focusing to understand novel intricate non trivial mesoscale inhomogeneity in heterogeneous materials where novel low energy quantum Physics is emerging. The mesoscopic world separates the atomic scale (0.1-10 nm) from the macroscopic world (d> 100 microns). The new XXI century is associated with the beginning of the genomic era, cellular biophysics and neurosciences in life sciences. All essential interactions for the emergence of life take place in the mesoscopic scale and in the low energy range 25-250 meV. The new emerging physics of life is based on the handling of big data set trying to understand the network of networks such as the protein-protein, protein-gene, metabolic, gene expression interaction networks. In material science our century is characterized by new nanotechnologies controlling the structure and textures in the mesoscopic scale.

A new type of light, synchrotron radiation (SR), to investigate the mesoscale matter organization became of worldwide use only in this century. This is due to the invention of storage rings by Bruno Touschek in the 60’s, in Frascati, where the PULS facility in 1980 was the second SR facility in the world.
The focus of this talk is on advances of SR methods to imaging and control Magnetic, Lattice, and Charge complexity in the mesoscale opening the way to produce new electronic and magnetic functional materials. I will present how the developments of novel synchrotron radiation based methodologies to probe multiscale spatial and temporal complexity in the low energy range 25-250 meV, is opening new perspective for a new low energy physics explaining and controlling the emergence of new material functionalities. Complex mesoscopic textures made of transition metal oxides, graphene and silicene control the emergence of colossal magneto-resistance, high temperature superconductivity, electronic functionalities of two dimensional electron fluids, making possible new types of detectors and memory storage devices.






