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Abstract: We propose uncertainty relations for the different coordinates of spacetime
events, motivated by Heisenberg’s principle and by Einstein’s theory of classical
gravity. A model of Quantum Spacetime is then discussed where the commutation
relations exactly implement our uncertainty relations.

We outline the definition of free fields and interactions over QST and take the
first steps to adapting the usual perturbation theory. The quantum nature of the
underlying spacetime replaces a local interaction by a specific nonlocal effective
interaction in the ordinary Minkowski space. A detailed study of interacting QFT
and of the smoothing of ultraviolet divergences is deferred to a subsequent paper.

In the classical limit where the Planck length goes to zero, our Quantum Space-
time reduces to the ordinary Minkowski space times a two component space whose
components are homeomorphic to the tangent bundle 7S?> of the 2-sphere. The
relations with Connes’ theory of the standard model will be studied elsewhere.

1. Introduction

It is generally believed that the picture of spacetime as a manifold M locally mod-
elled on the flat Minkowski space M, = IR* should break down at very short dis-
tances of the order of the Planck length
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Limitations in the possible accuracy of localization of spacetime events should in
fact be a feature of a Quantum Theory incorporating gravitation.

There have been investigations on possible mechanisms leading to such lim-
itations in the context of string theory [1,2], in Ashtekar’s approach to quan-
tum gravity [3], and, in a more formal way, in the context of Quantum Groups
[4,5]. These different approaches have led to different limitations and, more signifi-
cantly, to different pictures of spacetime where gravitational effects in the small are
necessarily strong (spacetime foam [6]).



