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Ab initio simulation of correlated electrons: From graphene 
nanoribbons to warm dense matter 
 
The Coulomb interaction between electrons gives rise to interesting collective behavior that is manifest in 
many systems around us – from astrophysics to the nanoscale. For theoretical physics, strong Coulomb 
correlations are a challenge because familiar models such as ideal gas, Hartree-Fock or perturbation theory 
break down. The alternative are computer simulations that have seen dramatic progress in recent years. I 
will present two examples of recent work. The first are finite graphene-type structures (nanoribbons, 
heterostructures) which we model using nonequilibrium Green functions. The results include the stopping 
power of charged projectiles and the formation of topological edge states. The second example is „warm 
dense matter“ – highly compressed and excited matter on the border between solid and plasma. Here I 
outline new quantum Monte Carlo methods that have allowed us to compute the thermodynamics 
properties, the dynamic structure factor and the electron plasmon dispersion from first principles. 
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All interested colleagues are welcome to this seminar lecture (45 min. presentation followed by discussion). 
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