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There has been a general interest in recent years in treating transport in strongly anisotopic, open quantum systems such as those described by small semiconductor devices.  Several approaches have used the Kadanoff-Baym-Keldysh (KBK) real-time Green’s functions.
,
  These approaches rely upon the assumption that the system of interest is closed, and thus governed by Hamiltonian dynamics, while all the influence of the surroundings is determined solely by external driving fields, which are considered to be known. In reality, the system may well not be an isolated entity, and the coupling to the environment may be significant, even if no more than an important initial condition.  For instance, systems starting from an initially correlated state, that is a result of external influence on the system’s preparation, require ladder-type corrections to the diagrammatic expansions
.


We present a basis for the generalization of the real-time Green’s function formalism to treatment of transport in open quantum systems. In general, the dynamics of an open system is non-Hamiltonian, and, in the Schrödinger picture, the reduced density matrix  of the open system, which is embedded within its environment, satisfies a Markovian reduced equation of motion
, which is given by
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where A(t) is quite generally non-Hermitian and depends upon the dynamics of both the system and the environment, and B(t) explicitly incorporates the initial condition for the entire coupled system. However, the reduced density matrix is difficult to obtain from (1), and it actually contains too much information. In order to analyze transport, a generalization of the real-time Green’s functions seems promising. Unfortunately, the non-Hamiltonian dynamics makes it impossible to straightforwardly define the open-system counterparts for the Heisenberg and the interaction picture, which normally yield the Green’s functions and their diagrammatic expansion. We show that it is nevertheless possible to define the Green’s functions for open systems by generalizing the physical meaning beyond them. We clearly demonstrate the influence of the system-environment coupling on the system’s single-particle Green’s functions, in a form that holds promise for a perturbation expansion. In particular, we study a generalization of the KBK approach for far-from-equilibrium open systems, in both the transient
 and the steady-state regimes, with applications to small semiconductor devices.  
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