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P.17 First-passage problem in entangled star polymers melts 
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In entangled star polymer melts, the stress of the system is relaxed by both arm-retraction and constraint-release 

(CR) processes that star arms explore new configurations by withdrawing along their tubes and stretching out 

towards new directions. We first investigated arm-retraction in the system of a single star polymer in a melt of 

extremely long linear chains. In such case, the arms are somehow confined in permanent “tubes” constructed by 

neighbouring chains. Pearson and Helfand[1] proposed that the arm in the tube can be represented as a harmonic 

spring with an applied thermal tension. The arm-end feels an entropic force if it fluctuates away from its equilibrium 

position. The first-passage(FP) time of the destruction of tube segments was calculated in Milner-McLeish theory 

according to Kramers’ solution[2,3]. After measuring the FP time of tube segments releasing by representing the 

arm as a one-dimensional Rouse chain, we found that the disengagement of a tube segment is getting faster with 

more Rouse modes added in, which means the FP problem has to be modelled by a multi-dimensional Kramers’ 

problem. We found a new way of solving the multi-dimensional FP problem by projecting the problem along the 

most probable trajectory termed “minimal action path” and correcting it by entropy term. In addition, we performed 

direct and forward-flux simulations of Rouse chains of different lengths. A good agreement between the analytical 

calculations and simulations was achieved for both discrete and continuous Rouse chains. We also investigated CR 

effect in symmetric star polymer melts by using a slip-spring model in which entanglements are treated as binary 

objects involving two entangled strands and found that only specific entanglements are associated with fully 

releasing of original tube segments and the dynamics of these specific entanglements are carefully studied. 
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