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This talk addresses a central question in the foundations of general relativity: why do we limit our
attention to metric solutions to the Einstein field equation of Lorentzian signature, given that, as pointed
out forcefully by Anderson [1] and Brown [2], nothing about the Einstein field equation itself mandates
this? I suggest that careful attention to the quantum dynamics of the matter fields out of which measuring
devices are constructed, reveals the answer.

The now ubiquitous model-theoretic approach to scientific theories lends itself particularly well to
spacetime theories. The standard presentation of general relativity (GR), at least in the philosophy of
physics literature in the last few decades, is as a collection of set-theoretic entities, specifically, tuples
consisting of the kinematical objects of the theory—these are the kinematically possible models (KPMs). A
set of constraints on these objects picks out a set of dynamically possiblemodels (DPMs), and the ‘theory of
general relativity’ is then associated with this collection of models. And this captures, quite perspicuously,
the constructive underpinnings of many approaches to physical theories: what are the objects and how do
they move or evolve over time?

But, of course, we do not have direct epistemic access to kinematical structure independently of the
dynamics. So, in particular, it requires somefinesse to determinewhether a particular piece of structure, say,
the Minkowski metric of special relativity (SR), is kinematically or dynamically fixed. And this distinction
matters. It plays a central role in allowing us to understand rather than merely describe the world.

The KPMs of GR are usually taken to be tuples of the form 〈M, gab, Tab 〉, where M is a manifold, and gab

andTab are tensors. On the basis of certain assumptions about trajectories of particles and the evolution
of fields, one usually imposes further restrictions on these objects. So M is a Hausdorff, paracompact,
4-manifold, gab is a metric of Lorentzian signature and Tab is a symmetric tensor whose precise form is
determined by the dynamical fields under consideration. Notice that the justification for these restrictions
makes reference to the dynamics of matter fields even before the Einstein field equation picks out the
DPMs.

So there is clearly a dynamical element to our choice of kinematical structure. One might ask why the
manifold is taken to be Hausdorff or paracompact. I will leave aside the justifications for Hausdorffness,
while flagging that there is an increasing literature on the possibility of non-Hausdorff spacetimes (see
e.g. [5] and references therein). The condition of paracompactness is dynamically mandated because, we
assume that our dynamical content is modelled by tensor fields and governed by differential equations.
Without the paracompactness condition, it would not be possible to define integrals of differential forms,
and thus to encode the dynamics.

Thus, as mentioned above, my primary question is about the metric—why is the metric tensor field of
general relativity assumed to be of Lorentzian signature? If it is a dynamically autonomous field, why do
we not consider kinematically possible models in which it has, say, a Euclidean signature? My argument in
this talk for why it is reasonable to restrict our attention to Lorentzian metrics is, in part, an expansion of
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another suggestion made by Brown: ‘[T]he operational meaning of the metric is ultimately made possible
by appeal to quantum theory, in general relativity as much as in the special theory’ (my emphasis) [2, p. 9].

The argument is as follows:

(1) Our only means of epistemic or operational access to spacetime geometry is through the behaviour
of matter fields, out of which we construct measuring devices.

(2) There are, independently of the background geometry, some restrictions on the sorts of dynamical
fields that could possibly play the role of surveying a (dynamical or fixed) spacetime geometry.

(3) These restrictions on the dynamical fields translate to restrictions on those spacetime geometries.

(4) Subject to further constraints derived from experimental data, this means that the dynamical metric
of GRmust be of Lorentzian signature if we are to have epistemic access to it.

In order to flesh out this argument, I rely primarily on two sets of resources—a series of papers on
the geometry of dispersion relations by Schuller and collaborators [3, 6, 7], and Wald’s presentation of
quantum field theory in curved spacetime [8]. In particular, I argue that a specification of geometry is a way
of linking claims about initial data, specifically momenta, to which we do not have direct epistemic access
to spacetime trajectories, to which we do. I show that the requirement that the dynamical equations are
predictive, and decribe a classical field amenable to quantisation (i.e. a suitable subspace of the solution
space can be turned into a physical Hilbert space), is equivalent to the claim thatwe can only have epistemic
access to (4-metric) geometries if the manifolds on which they are defined admit so-called line element
fields. I then rely on a theorem that proves that a paracompact manifold admits a Lorentzian metric if and
only if it admit a line element field (see [4]) to complete my argument.
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