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摘要：Quantum field theories may be defined not only in the textbook second-quanized picture, but
also in a first-quantized one with propertime replacing what would be time in a similar quantum
mechanical-like setting. Such a formulation posessees many merits; one of which lies in the study of
background fields, in that all orders of the coupling to the background field may be included
without recourse to perturbation theory. I discuss several highlights made possible in the non-
perturbative background picture including the Schwinger Effect (or the vacuum instabilty in strong
electric fields leading to particle anti-particle pair production) and how the Schwinger effect
fascilitates the chiral anomaly [1]. The extension to non-Abelian fields as well as exotic backgrounds
are also further disucssed [2]. Another merit of the worldline formalism is that large swaths (for
higher-order processes) of Feynman diagrams are naturally incorported into the propertime
construction. I illustrate this simplification through tree-level scattering in a plane-wave or shock-
wave background [3]. Last, extensions to higher-order loops are briefly reviewed.
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