Modelling Quantum Theoretical Trajectories within Geometric Relativistic Theories
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Andréka and her colleagues [1] have described various geometrically inspired first-order theories of special and general relativity, while Székely's forthcoming PhD thesis [2] focuses on an intermediate logic of accelerated observers. Taken together, these theories provide an impressive foundation on which to build wider mathematical descriptions of physical reality, but they remain deficient in one important respect - they do not include direct support for quantum theory. In this paper we will attempt to remedy this situation by incorporating a model of quantum theoretical trajectories that can reasonably claim to be physically meaningful. 

We have recently shown [3] that the 'bidirectional model' of quantum trajectories - in which particles are deemed to 'hop' randomly from one spacetime event, e, to another (e', which can be either earlier or later in time than e) and paths comprise a finite number of such hops - is logically equivalent to Feynman's path-integral formulation when spacetime is assumed to be Euclidean. In this paper we extend the model to relativistic spacetimes, and argue that observers are subject to the same 'quantum illusions' as in the Euclidean case - for, even though motion is discrete and respects no in-built 'arrow of time', observers have no choice but to perceive particle trajectories as continuous (locally) future-pointing paths in spacetime.

Whereas the relativistic theories presuppose continuous paths as part of their axiom systems, the 'quantum illusion' of continuous motion allows us to replace this axiom with a lower-level quantum-inspired axiom concerning discrete jumps in spacetime. We investigate the nature of these jumps, and the extent to which they can be tied to the underlying geometric structure of spacetime. In particular, we consider hops of the form e' = g(e), where g is a particular kind of (local) spacetime automorphism which preserves the underlying number field, and investigate the extent to which all hops can be restricted to be of this form.
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