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What are the time-scales of particle formation in the
Schwinger effect?
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Lasers providing ultra-strong fields might allow for the first time a verification of electron-positron pair pro-
duction via the Schwinger effect. Recent theoretical investigations have elucidated many aspects of this es-
sentially non-perturbative effect. However, there is, at least, one fundamental question which has remained
elusive: What is the formation time of the electron (or, equivalently, of the positron) in this process? We will
discuss whether and how this question can be formulated as a well-posed problem and point out the advan-
tages of the adiabatic particle number as a pseudo-observable in this process. Furthermore, wewill analyze the
numerical results obtained in Dirac-Heisenberg-Wigner formalism for time-dependent and inhomogeneous
electric fields in 1+1- dimensional QED to extract at least three different time-scales which are relevant for par-
ticle formation. Hereby, the time evolution of late-time-observable quantities such as the charge density and
the particle number density are studied with respect to the influence of spatial and temporal field variations.
An outlook for a corresponding investigation in 3+1-dimensional QED will be given.
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