
 

 
 

 
Workshop on 

NEW TRENDS IN QUANTUM DYNAMICS AND ENTANGLEMENT 
21 - 25 February 2011 

 
 
 
 

System-environment Interaction in the Non-Perturbative Regime 
 

 
 

Martin PLENIO 
Institut fuer Theoretische Physik 

Universitaet Ulm 
D-89069 Ulm, Germany 

 
 
 
 

 
Abstract: 
	   
Multicomponent quantum systems in strong interaction with their environment are  
receiving increasing attention due to their importance in a variety of contexts, ranging  
from solid state quantum information processing to the quantum dynamics of biomolecular  
aggregates. Unfortunately, these systems are difficult to simulate as the system-bath  
interactions cannot be treated perturbatively and standard approaches are invalid or  
inefficient. We combine the time-dependent density matrix renormalization group  
with techniques from the theory of orthogonal polynomials to provide an efficient method  
for simulating open quantum systems, including spin-boson models and their generalizations  
to multicomponent systems.  We present the method, explore some of its analytical properties 
and apply it to some examples demonstrating its feasibility as a numerical tool. 
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