Covariant Simultaneity Relations and the Ontology of Events
Kent A. Peacock
Department of Philosophy

University of Lethbridge

for

International Conference on the Ontology of Spacetime,

to be held at Concordia University, May 11–14, 2004.

ABSTRACT:  In the Call for Papers for this conference, it was stated that “the pre-relativistic view, in which existence is considered absolute … contradicts relativity since the present (all events occurring simultaneously at the moment ‘now’) implies absolute simultaneity.”  Given this proposition, we seem to be presented with a dilemma:  either we subscribe to a “block universe” view in which all events are on the same ontological footing, or else we somehow “relativize existence” itself to frames of reference (even though it is very unclear what it could possibly mean to do that).   
In this paper I will argue that we can evade this dilemma by realizing that there are other ways in which a notion of coexistence or co-occurrence can be defined in Einstein-Minkowski spacetime.  The key is to free ourselves from the old but still largely unquestioned Newtonian metaphysical assumption that coexistence would necessarily be confined to hyperplanes of equal time coordinate.  Within the Newtonian picture where time is absolute, this is a very natural assumption to make; but there is no good reason to hold onto it in an Einsteinian universe in which clocks can run at different rates depending on their acceleration histories or the gravitational fields to which they have been exposed.  If there is an invariant way of defining “now” in relativistic spacetime, it must be in terms of equivalence classes of events picked out in terms of proper quantities such as proper time, action, centre-of-mass energy, or phase.  There would be many ways to do this, and some may of course be trivial; but I will argue that some are physically well-motivated and could, in fact, amount to plausible relativistic analogues of the Newtonian or Aristotelian “now”.  I will in part rely on a nice argument by Richard Arthur which shows that real physical change is tracked by proper time, not coordinate time.  This supports a plausible notion of covariant simultaneity in terms of proper time, furthermore, given the right initial conditions, a covariant simultaneity relation defined this way picks out events that have the same action.  We see the beginnings here of a generalized concept of simultaneity in which the familiar Newtonian and Einsteinian conceptions of simultaneity are special cases.

This discussion can also be connected with the long-standing problem of finding a covariant model of quantum mechanical state collapse.  I will argue that if there is a covariant picture of state reduction, it must be in terms of phase; and this can be connected to the action criterion in a natural way.  
While much technical work remains to be done, the approach advocated here opens up a whole new range of possibilities in defining the ontology of spacetime.  
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