Vitrification in two-dimensional frustrated electronic systems
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Historically, there are two categories of phases of matter with quasi-long-range or long-range disorders: a structural-glass based on glass-forming liquids and the spin-glass discussed in lattice models. In both cases, it is generally known in theories that the vitrification never occurs in purely two-dimensional (2D) systems at finite temperature. 
 In this context, the glassy behavior of charge degrees of freedom found in 2D organic conductors, q-ET2X[1,2], is intriguing.  The ET molecules form an anisotropic triangular lattice in the conducting 2D layer, and host one charge(hole) per molecule. In slowly cooling down the system, these materials undergo a first-order metal-insulator transition and from a stripe charge order(CO), whereas the metallic phase with a nearly temperature independent resistibility sustains toward low temperature when the cooling rate is increased. Experimentalists observed the charge clusters / domains that shows a slow dynamics[1], and the growth of such clusters are similar to those found in glass-forming liquids[2]. 
This phenomena should be interpreted as some sort of a vitrification of charge degrees of freedom in 2D that happens by destroying the regular CO. The question is whether we are able to theoretically realize such phase. Here, we discuss some possible scenario based on our findings of quantum-structural spin glass[3] and the pinball glass [4] in 2D triangular lattice. In model calculations, these phases nontrivially emerge at finite temperature when a very small amount of quenched bond-disorder is introduced to the ordered phases. Here, these “ordered phases” are unusual in that they have two parameters representing the quantum liquid and classical solid like components. When the bond disorder is introduced, the fluctuation of two components act as dynamical random field to each other. The Imry-Ma mechanism allows the these ordered states to break up into domains at finite temperature, where the glass-susceptibility diverges signaling the vitrification. 
These domains have two characteristics: there is a regular periodic pattern of charges inside the domain, while the inter-domain structure is also correlated. The location of domains can easily change with time. These two features are based on the quantum mechanical and frustrated nature of of the model, which are not explained within the framework of structural or spin glasses in classical models which we will overview in the presentation. 
 Fig. 1. Vitrification process of quantum glasses in frustrated triangular lattice. 
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