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Replica theory of the rigidity of amorphous solids
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We developed a set of first principle methods to analyze theoretically the
mechanical properties of amorphous solids based on the so called cloned liquid method, which combines the
replica method developed in the statistical mechanical studies of disordered systems and the density
functional theory of liquids. We first applied it to the 3-dimensional soft-core potential system and
obtained the shear-modulus which compares very well with the result of molecular dynamic simulations.
Then we applied it to the hard-core potential system in the large-dimensional limit. We unveiled the
critical properties of the shear-modulus in the dynamical glass transition point and the jamming
transition point by the exact computation. Furthermore we developed a scheme to compute the stress-strain
curve of glassy metastable states under shear using the state following method, which allowed us to
obtain successfully not only the shear-modulus but also the yield stress.
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