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Similar to macroscopic strings tied into knots, the (Brownian) motion of polymer chains is subject to topological 

constraints: they can slide past each other, but their backbones cannot cross.  

To set the stage, I will briefly review our contributions to the tube model [1] of melts and networks of long linear 

chains, where entanglements dominate the viscoelastic behavior: the primitive path analysis of the microscopic 

topological state [2] and the double tube model of rubber elasticity [3] as well as their validation in extensive 

computer simulations. 

The main part of my talk will focus on the complementary situation of “crumpled” [4] polymers, whose 

conformations have to respect global topological constraints enforcing the absence of knots and links. While such 

systems are typically modeled as melts of non-concatenated ring polymers, the most prominent representatives are 

probably (interphase) chromosomes, whose reptation times of the order of centuries preclude the equilibration of 

the topological state [5]. In [6] we have used a computationally efficient multi-scale approach to identify the subtle 

physics of crumpling by showing that ring melts can be quantitatively mapped to coarse-grained melts of interacting 

randomly branched primitive paths. 
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