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The physics of the mechanical and dynamical properties of polymers close to and below the glass 
transition is a subject of utmost fundamental importance for which our group is at the forefront of 
research [1-3]. We have developed over the past years a microscopic theoretical description and 
the associated numerical/simulation tools for describing these properties, from the linear up to the 
so-called strain hardening of glassy polymers at large deformations amplitudes, based on the most 
advanced concepts of statistical and condensed matter physics. Strain hardening is a major 
challenge on the application side, as it strongly impacts the toughness of polymers [4]. The aim of 
the PhD is to further develop the theoretical and numerical approaches. This subject is part of a 
French/German project PoSH funded by the ANR (Univ. Lyon, Univ. Paris-Saclay) and the DFG 
(Univ. Halle) with the aim to develop jointly theoretical/numerical and experimental studies for 
describing quantitatively the relaxation mechanisms on the monomer scale under various 
deformation and thermal histories. The prediction of the theory will be confronted in detail to 
experimental results obtained by X-Rays and NMR for which we already have theoretical 
predictions. The objective is to establish connection between microscopic specificities of the 
considered polymers (rigidity of the backbone, specific monomer interactions,,..) and how the 
related quantities evolve, in conjunction with their macroscopic mechanical properties. Our 
approaches are those of statistical physics, condensed matter physics and polymer physics and the 
associated numerical simulations for solving the theoretical model.   
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The MatéIS Laboratory is a joint research unit between CNRS, INSA de Lyon and Université Claude 
Bernard, Lyon I dedicated on materials science. The applicant should have a master degree in condensed 
matter and/or polymer physics or in theoretical physics or in materials science and also have a taste for 
numerical simulations. 
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