Preface

While nonequilibrium Green’s Functions (NEGFs) are a mature theory with a his-
tory of some 50 years, it is only recently that they have turned into a practical tool
for quantitative analysis in many-body physics [1-4]. Despite the attractive features
of NEGFs—generality and selfconsistency, conservation laws, diagram technique
and applicability to ultrafast processes—the relatively large computational effort in
treating the dynamics of functions that depend on two times has prevented a broad
use of this technique.

Yet, the dramatic progress in available computational resources has made NEGF
calculations practical, as was demonstrated by many applications to spatially ho-
mogeneous systems in nuclear matter, plasmas and condensed matter systems over
the last 15 years. Recently, attempts have been made to extend the use of NEGFs to
spatially inhomogeneous systems which requires a substantially increased numeri-
cal effort. However, new strategies such as the finite element-discrete variable repre-
sentation, the generalized Kadanoff-Baym ansatz (GKBA), and clever program par-
allelization make such applications well feasible. This monograph discusses these
techniques in detail and should pave the way for a broad application of NEGFs to
inhomogeneous systems that are of great importance in atomic, condensed matter
and high energy physics.
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