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ABSTRACT 

Quasi-static deformations of soft particles, e.g. glasses, colloids, emulsions, foams, and granular 

materials, have been widely investigated because of their significant importance in industry and 

science. However, many challenges of describing their macroscopic behaviors still remain due to 

disordered configurations, complex dynamics, etc. At the microscopic scale, mechanical responses of 

soft particle packings are probed as a reconstruction of force-chain networks, where complicated 

non-affine displacements of particles cause the recombination of force-chains, i.e. opening and 

closing contacts. Once a macroscopic quantity is defined as a statistical average in force-chains, e.g. 

the stress tensor, elastic moduli, etc. its non-trivial response to quasi-static deformations, i.e. non-

affine response, is governed by the change of the probability distribution function (PDF) of forces. 

Therefore, the PDFs in soft particle packings have practical importance so that a lot of theoretical 

studies have been devoted to determine their functional forms observed in experiments and numerical 

simulations. In general, the PDFs are asymmetric and cannot be described by conventional 

distribution functions. 

In this study, we investigate microscopic responses of force-chain networks in jammed soft particles 

to quasi-static deformations by molecular dynamics simulations [1]. We show that not only contacts 

but also inter-particle gaps between the nearest neighbors must be considered for the stochastic 

evolution of the PDFs of forces, where the mutual exchange of contacts and inter-particle gaps, i.e. 

opening and closing contacts, are also crucial to the incremental system behavior. By numerically 

determining the transition rates for all changes of contacts and gaps, we formulate a Master equation 

for the PDFs of forces, where the insight one gets from the transition rates is striking: The mean 

change of forces reflects non-affine system response, while their fluctuations obey uncorrelated 

Gaussian statistics. In contrast, inter-particle gaps are reacting mostly affine in average, but imply 

multi-scale correlations according to a much wider stable distribution function. 

We also show that our results under isotropic (de)compressions are insensitive to the microscopic 

friction and the transition rates for simple shear deformations have much wider tails indicating the 

strongly correlated stochastic evolution of anisotropic force-chain networks. 
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