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1. Introduction

The philosophical discussion about the nature of space and time in physical theories has
been historically situated on a terrain defined by two extreme positions, usually character-
ised as substantivalism and relationalism. These labels define two different attitudes to-
wards the ontology of space and time that can be simply characterised as follows: either
space and time are entities whose existence is independent from the other entities assumed
to exist in the world or they are somehow derived or emergent from some properties of
these other existents. This discussion has had a convoluted history and has taken different
shapes in the contexts of different theories. The aim of this paper is twofold: explore the
middle territory between these two extreme positions to vindicate the availability of a per-
spective that is not a temperated version, or a mixture, of any of the other two; and do so by
confronting one of the recent incarnations that the debate has taken in the context of rela-
tivity theory.

In the context of Special Relativity (SR) we find a recent related discussion about the
status of the spacetime metric. The standard (realist) received view, a.k.a. geometrical ap-
proach (GA), here represented by Janssen (Balashov ez 4/, 2002; Janssen, 2002, 2009),
would maintain that spacetime is somehow responsible for the default motion of bodies
and for special relativistic phenomena like length contraction and time dilation. On the
other side, the constructivist/dynamical approach (DA), put forward by Harvey Brown
and Oliver Pooley (Brown, 2005; Brown ez al., 2006), challenges this view by pointing
that typical special relativistic phenomena can be said to get a dynamical explanation in
the context of SR. Recent discussions about this debate can be found in (Acufa, 2016;
Dorato ez al., 2010; Felline, 2011, 2015; Frisch, 2011;Myrvold, 2017; Norton, 2008;
Sus, 2019).

What is exactly the discussion about? The initial terminology seems to suggest that
the main problem is ontological: what is the nature of spacetime and how to understand
its relation to certain effects and objects. And, no doubrt, this is one notorious dimension
of the discussion. Nonetheless, the main contenders explicitly say that the dispute is also
(or, sometimes, mainly) about explanation: whether some features of spacetime can be said
to explain special relativistic effects or, to the contrary, they are explained, in the theory, by
some features of the (matter) laws. The dispute, then, is said to be about the arrow of expla-
nation: either it goes from the symmetries of Minkowski metric to Poincaré invariance of
laws or vice versa. One can also present the debate in terms of the basic assumptions that
the theory makes: the standard view would say that the spacetime structure (Minkowski in
SR) with its symmetries is a brute fact in the theory, the dynamical approach would pose
as a primitive fact the Poincaré invariance of all matter laws. The first task of this paper
will be to evaluate the relative weight of the ontological and explanatory dimensions in the
present debate.

In the first part of the paper I will confront the discussion about the arrow of expla-
nation in the terms posed by Janssen. His main point is that the arrow goes from the sym-
metries of spacetime metric to the invariance of laws, although his justification for the
Minkowski metric being the explanans can seem somehow enigmatic: in SR, Minkowski
metric explains by re-drawing the line between kinematics and dynamics and separat-
ing those effects that do not need dynamical explanation from the dynamical effects. Is
this really an explanation? I will defend that this account is not sufficient to support the
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claim about the arrow of explanation going from the metric to the symmetries of laws. The
model of explanation implicit in Janssen’s defense of the explanatory import of Minkowski
metric seems to be provided by something like the notion of structural explanation. Even
if correct, I will argue that its ontological neutrality does not allow us to distinguish such
an account from the so-called truncated explanation contemplated in the dynamical ap-
proach; basically, the claim that spacetime has the structure it has, Minkowskian in SR, be-
cause the dynamical laws are Lorentz invariant. The difference then, from this perspective,
seems merely terminological.

I will also look at the ontological dimension independently. Norton (2008) forcefully
argues that the constructivist project fails and he does so by putting the focus on the onto-
logical question. His main claim is that constructivists (or defenders of the DA), to have a
real alternative proposal to the realist one, should be able to infer the full spacetime struc-
ture from the matter theories without presuming any of the properties that, according to
the realist, are properties of the spacetime structure. Norton shows how the constructiv-
ist project needs to inject spatiotemporal assumptions in order to get off the ground. Even
agreeing with Norton, I think that his realists implications are too strong. I will try to show
that an analysis akin to Norton’s does not give too much comfort to the (naive) realist.

The first part of the paper ends claiming that neither of the two positions seems to of-
fer a complete satisfactory answer to the question about the relation between spacetime
symmetries and the symmetries of laws. On the side of the geometrical approach, the on-
tologically burdened naive realist does not provide any account of such relation while the
modest, ontologically neutral, position —defended by Janssen— points to a structural ex-
planation of the effects but is too weak to sustain any claim about the arrow of explana-
tion. For the dynamical approach the problem comes from stressing the need for a dynami-
cal explanation while taking the symmetries of laws, which seem to sustain the explanatory
claims, as brute facts.! This situation paves the way to explore a middle ground proposal:
one able to fill the explanatory gap left by the realist and to provide an account of the com-
mon origin of the symmetries of laws assumed to be primitive by the constructivist. The
second part of the paper is dedicated to this.

I will argue that the previous discussion suggests looking for a constructivist view that
supports some kind of structural explanation but that regards the Minkowski metric, as
well as the symmetries of laws, as both deriving from common assumptions. The sketch of
one such a proposal is the following: it follows the idea of spacetime structure being com-
posed by a set of events on which different geometrical structures are imposed. But now
the project consists on tracking down the origin and justification of such structures; and
the leading idea is that this is provided by some notion of physical experience. Thus the
scheme traces the justification of the spacetime structures to the notion of physical experi-
ence which is ingrained in the different definitions of physical events. Furthermore, these
conditions can be seen, also, as conditions for the formulation of physical laws (which pro-
vide relations between events). In this way, we are able to present a description of the com-
mon origin of the symmetries of laws and the spacetime symmetries. Although this kind of

' As Acufia (2016) stresses, the full version dynamical approach would take the explanation of relativis-
tic effects as provided in the context of a final quantum theory of matter. In that situation, the brute
fact would be having such fundamental laws with their invariance properties.
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perspective is far from being new, I believe that it has not been sufficiently considered in re-
cent debates about the foundations of spacetime.”

2. Explaining without explanation. The kinematics/dynamics division

Janssen (2009) can be seen as providing a defense of the standard view of the role of space-
time structure in SR. His position can be summarised by saying that although Minkowski
metric explains the symmetries of laws, and such symmetries are responsible for the der-
ivation of the special relativistic effects, this does not involve having a strong ontological
commitment with respect to spacetime. The explanatory scheme that sustains such claim
is what Janssen calls common origin inference (COI), a sub-species of inference to the best
explanation. In our case, the inference would go from the invariance properties of matter
laws to the symmetries of spacetime (the common origin). As Janssen acknowledges, quot-
ing Brown and Pooley, from this initial take it is not clear in what sense bringing about the
Minkowski metric provides an explanation of the invariance of laws; not, unless one gives a
story of what the relation between symmetries of spacetime and the invariance of laws is. In
other examples of inference to the best explanation, one might infer to a common origin,
but one still needs a good explanatory story in place.

Janssen thinks that his position on the explanatory role of Minkowski metric does
not involve any commitment with respect to the ontology of the metric. This neutral-
ity is in part attributable to the fact that the explanation that Janssen has in mind is not a
causal one. If this were the case, it would be easier to accuse him of reification of the met-
ric and easier for the critics to link the destiny of his position to that of substantivalism.
Even if it is true that taking distance from the account of causal explanation can protect
you from the direct attacks of the relationalists, this does not alleviate the need of pro-
viding a detailed account of how the explanation is supposed to work. Moreover, only
then we will be able to judge to what extent the proposal is free from ontological com-
mitments.

What Janssen has in mind as for the model of explanation is what has been named
structural or geometrical explanation.

[...] the universality of the Lorentz—FitzGerald contraction in special relativity is no more mirac-
ulous than that right-angled triangles cut out of flat sheets of paper, plastic, and card board all sat-
isfy the Pythagorean theorem of Euclidean geometry. (Janssen, 2009, p. 49)

Nonetheless, it is not clear whether Janssen wants to take the geometrical analogy too far or
too deep. In response to the challenge of showing how the Minkowski metric is supposed
to explain or why it should provide any gain with respect to the explanation by the symme-

* There is a long tradition of attempts that try to derive relativistic spacetime starting from certain prin-

ciples or assumptions that have to do with causality or connectivity between events (See Section S for
references). My claim is that such approaches are close to the perspective introduced here as a third
way between the realist and the constructivist camps. To appeal to the notion of possible experience
can be seen as introducing an unfortunate subjective dimension in the discussion. I hope that the use I
make of it dissipates these concerns.
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tries of the laws, the answer seems to be that in SR a full set of phenomena is explained by
declaring them kinematical, default behaviour or, in other words, as not in need of a dy-
namical explanation. So the set of kinematical phenomena contains the default behaviour
of bodies and this happens to be codified by Minkowski geometry. Nonetheless, it seems
necessary to show what the explicit connection between Minkowski structure and the kin-
ematical/dynamical divide is.

We might express the situation in the following way. Janssen’s account, taken literally,
does not seem to capture the ontic dimension of explanation at all; although this might not
be bad in itself, such dimension seems essential for the story about the arrow of explana-
tion. The reason is that even if it was right that some features of the laws, encoded by the
Minkowski metric, are explanatorily relevant, it is not clear in what sense this would sup-
port the idea of having an arrow of explanation going from spacetime to the laws. Accord-
ing to Janssen’s version of the geometrical approach, some features of the matter laws (their
Poincaré invariance) do directly the explanatory job and, somehow, Minkowski spacetime
further explains these properties of the laws. But then the task to do is to explore what ex-
actly, if there is one, the explanatory connection between spacetime geometry and the sym-
metries of laws is.

3. How can Minkowski spacetime explain structurally?

It seems clear that the main hope for providing an account in which special relativistic ef-
fects are explained by means of Minkowski metric rests on fitting this case in a non-causal
scheme. There is not a unitary account for non-causal explanations in the literature, even if
many of them seem to fall under some type of mathematical or formal explanations. Never-
theless, even restricting our attention to this class, we find important divergencies with re-
spect to what would be involved in such explanations.

I will use the general label formal explanation to refer to any account of scientific expla-
nation that is non-causal (the relation between explanans and explanandum is not a causal
one) and presumes that the explanation of the given phenomenon is due to some formal
or mathematical feature. Most of the accounts based on this idea of formal explanation
recognise that the key question that they must answer has to do with the relationship be-
tween the explanatory formal features and the structure of the explained phenomena. Let us
take as a significative example Bokulich’s (2011) model based structural explanation, and
see how it can be made to work in the context of Special Relativity (Dorato ez al., 2010;
Felline, 2011, 2015).

Bokulich makes the conditions for a model to be explanatory explicit. She contem-
plates the possibility of having different types of explanatory models (some mechanistic or
causal) including some explaining structurally, and intends to provide a general framework
that can accommodate all of them. The basic assumption to be able to take a model as ex-
planatory is “that the counterfactual structure of the model is isomorphic (in the relevant
respects) to the counterfactual structure of the phenomenon” (Bokulich, 2011, p. 23). So
the idea is that for a model to be explanatory it must capture those aspects on which the
phenomenon depends counterfactually; that is, such that if changed would change relevant
aspects of the phenomenon. This constitutes a structural explanation in case the counter-
factual dependence is between the structural or formal features of the phenomenon and
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some of those same features of the theories employed to model the phenomenon. So once
we assume that the structure of the phenomenon is isomorphic to some relevant structural
features of the model, we do have the structural explanation. And presumably this corre-
spondence is part of what determines that the model is a model of the phenomenon. Then
it is part of the explanation that the model represents the phenomena. The question of in-
terest for us is whether this is enough to understand the explanatory role that Minkowski
metric seems to play. Let us see how to apply this to Minkowski’s spacetime.?

Recall that in the case of Minkowski metric what is at stake is whether this structure
can be said to explain special relativistic effects. In Janssen’s two steps strategy, insofar as
such effects are a direct consequence of the symmetries of the laws, we should be happy
if we were able to explain such symmetries starting from Minkowski metric; taking for
granted that the symmetries of laws must mimic those of the metric does not provide an ex-
planation of them in terms of the metric. So one must be more subtle if one wants to search
for a structural explanation in this case. What seems clear, so far, is that any account of the
special relativistic effects has some formal features in common: it assumes that the relations
between events must satisfy the rules of Minkowskian geometry. And, arguably, this is
what constitutes the counterfactual structure of the phenomenon mentioned above, which
is what would make Minkowsky metric part of the explanans, according to Bokulich.

This is the core of conceiving explanations of effects by Minkowski spacetime as struc-
tural ones in SR. But it must be noted that if this is how the Minkowski metric explains, it
is very far from the supposedly realist spirit that is opposed to the constructivist account. In
fact, it does not seem to go beyond the epistemic notion of explanation* and, without fur-
ther elements, to say that it is Minkowski structure what does the explanatory work instead
of the symmetries of the laws might be seen as a terminological subtlety (unless one under-
stands such a structure as being a property of events or laws, as we will consider below).

Let me insist on this last point. Attending to the previous discussion, it is not difficult
to see why it seems natural to regard the explanation of special relativistic effects as a gen-
uine geometrical, therefore formal, explanation; as Janssen says, the features that we take as
explananda are of the same type as the ones that we mention when we want to explain that
the sum of the angles of a triangle is 180°. So far, the thing does not seem very controver-
sial. Nonetheless, there is a detail that should not be forgotten: such an explanation either
presupposes that physical events satisfy the rules of a given geometry (be it either Euclidean
or Minkowskian) or it derives the effects from the invariance properties of laws. More pre-
cisely, what this type of explanation does is to show that some effects, that are consequence
of certain properties of laws, can be described in geometrical terms, or that they are essen-
tially geometrical. Perhaps this is all there is about the explanation of the effects in SR; they
are explained by being declared geometrical. But this is neither better nor worse than saying
that in SR the effects are explained because, if the theory is right, it imposes the formal con-
dition of Poincaré invariance to any physical law. I suspect, nonetheless, that this is much
less than what is usually implied when, in the context of SR, it is argued that the arrow of

3 See, for instance (Dorato et al., 2010; Felline, 2015).

* One might think that this should not come as a surprise as we are using a model based account of ex-
planation and, as such, the notion of explanation involved can only be epistemic. I am not saying that
this should be taken as a defect, but that it is not enough to account for the ontological dimension of
the problem.
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explanation goes from Minkowski metric to the symmetries of laws. It is at least questiona-
ble that opposition to the dynamical approach can be defended with such weak reading of
the structural explanation, even if it is true that it is claimed (Janssen, 2009; Felline, 2011)
that the position is ontologically neutral. In any case, independently of which ontological
agenda is behind the defenders of the viability of this type of explanation for relativistic ef-
fects, what seems unquestionable is that this does not support the idea of spacetime sym-
metries explaining that the symmetries of laws are such and such, rather than the claim of
some formal features of laws explaining certain effects.

Therefore, the model of structural explanation in itself applied to the case of SR does
not have any strong import on the question of the arrow of explanation and, further-
more, there is no reason to extract from this the ontological moral that naive realists ex-
tract; namely, that Minkowski spacetime, understood as something different from the
mentioned formal features of laws, is part of the explanation. Recent discussions of the dy-
namical approach (Read, preprint; Brown ez al.) seem to agree on this verdict about the ge-
ometrical approach. In (Read, preprint) it is argued that GA might take a defensible ver-
sion (there named qualified geometrical approach) if it is assumed from the beginning that
all matter laws are Poincaré invariant (this fact is named in (Read e# 4/, 2018) and (Brown
et al., forthcoming; Read, preprint) as the first miracle of relativity) and Minkowski metric
is then used as part of the explanations of the relativistic effects. This version of GA, then,
would combine giving up to explain the coincidence of the invariance properties of mat-
ter laws (one of the apparent original motivations for the geometrical approach) with de-
fending the explanatory priority of the Minkowski metric. It is not clear to me what the
appeal of such a position would consist of. As it is claimed in (Read, preprint) such an ap-
proach would be only distinguishable from the dynamical approach, in the context of SR,
in the claim of ontological autonomy of the metric without secking to explain from it the
coincidence of the invariance properties of laws; introducing, hence, two unexplained co-
incidences: the symmetries of all matter laws (miracle 1) and that they are the same as the
symmetries of the metric (miracle 2). Even if this position is viable, it is hard to see it as well
motivated.

Nonetheless, it is still true, as Janssen stresses, that as one can argue that effects are de-
rivable from some formal features of the laws, with independence of their specific content,
the defenders of the dynamical approach need to refine their claim of this constituting a
dynamical explanation. In the second part of the paper, I will propose what I think is a bet-
ter ontological embodying of such structural explanations in SR; one that does not fit so
comfortably in the standard realist mould.

4. From explanation to ontology

We have seen how the debate about the relation between Minkowski spacetime and laws
is presented in terms of explanatory priority and how it is assumed that one can deal with
it leaving ontology out. Nevertheless, considering that the status of spacetime is under the
focus, it seems difficult to ignore the ontological dimension. John Norton (2008) suggests
that the discussion between defenders of the geometrical and the dynamical approaches is
primarily about ontology, or at least that the ontological import is unavoidable, and recom-
mends to leave out the difficult issues about explanation. I partly agree with this: keeping
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ontology out of the equation empties the discussion to the risk of rendering it merely ter-
minological. One must recover ontology then, but the key issue is how to reintroduce it in
the dispute. I will try to show that doing it right illuminates the original controversy.

First, it must be stressed that leaving out the question of ontology makes considera-
bly difficult to say what the difference between constructivists (using Norton’s way of re-
ferring to what, according to him, would be a coherent version of DA) and their critics is
about.’ Right, one can say that the difference is about the direction of the arrow of expla-
nation —whether it goes from the symmetries of the metric to the symmetries of the laws
or vice versa— but we have seen that trying to give content to the realist explanatory claim,
and doing it in terms of a formal explanation scheme (which seems the only reasonable al-
ternative), brings the position suspiciously close to the constructivist one. The quid for ex-
plaining the relativistic effects by the metric is rooted in the claim to the effect that every
model of the theory shares the same chronogeometry (Minkowski), i.c. the claim stating
the existence of an isomorphism between formal structure of the models and the geometri-
cal structure. Obviously, one can express this fact by stating that all the models of the the-
ory are solutions of certain equations that share a formal feature: Poincaré invariance. And
unless one introduces some extra element to provide more weight to one or the other side
of the explanation —the geometry or the invariance properties of the laws— it does not
seem that we have a proper substantive difference.® Explanatory priority without ontolog-
ical commitments seems empty, but introducing ontological preferences can at this stage
seem arbitrary.”

One place in the literature where the ontological dimension of the discussion is placed
upfront is Norton’s paper (2008). There, the core of the constructivist program is pre-
sented by opposition to the realist conception of Minkowski spacetime; and the failure of
such a program is sketched as the impossibility of constructing the special relativistic space-
time from matter fields without introducing spacetime assumptions from the start. On top
of this, Norton provides a clear statement of which spacetime presuppositions would enter
in the constructivist derivation of spacetime from the matter laws.

The starting point for this kind of analysis is a clear opposition between the realist per-
spective (assumed to be less problematic) and a strong constructivist program. The per-
spective then is ontological from the start as it presents the dispute as consisting on a di-
vergence about what the basic entities of the world are. The rationale for presenting things
this way is, according to Norton, that one avoids the undefined terrain of the never end-
ing discussions about the right notion of scientific explanation and, then, one can formu-
late what a definite constructivist position would be by opposition to the realist one. And if

A similar criticism about the alleged ontological neutrality of the debate can be found in Acufia
(2016).

At least not if we consider the truncated version of the geometrical approach and restrict attention to
SR. Whether the full version would be substantivally different is something that can only be addressed
after letting in the question about ontology. This possibility is explored in (Read, 2019); Sus (Pre-
print).

I am not denying that in many contexts showing that a given class of phenomena share a common fea-
ture can be explanatory: unifying somehow different situations is one of the rewards provided by sci-
entific explanations. What I am arguing against is the idea of this providing an account of explanations
that is substantively different to the one offered by the dynamical approach.
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one reminds our disappointing conclusion from the last section —that from the purely ex-
planatory perspective the two positions either collapse or rest on non-explicit ontological
assumptions— one might welcome this new approach.

Let us see what Norton finds as spatiotemporal assumptions in the constructivist pro-
gram and later we can attempt a different justification for them. The strong constructivist
project is, then, to build Minkowski spacetime purely from matter laws. Norton’s strategy
is to make explicit how such a project requires spatiotemporal assumptions. According to
him, the constructivist must start with a set of matter theories, that are Lorentz invariant,
and try to identify elements in them that would correspond to clocks and rods: this would
allow to produce the quantity that can be identified with Minkowski’s spacetime interval,
and from it the full Minkowski metric would follow. Leaving aside the question of whether
the theory allows structures that can be identified with stable clocks, what Norton notes is
that in one such a construction there is already quite a lot of spacetime presupposed. First,
he asks, how can we know that the parameters of the different matter theories identify the
same physical events; or, in other words, that we have a unique set of parameters that can
be used for all the matter theories? This is a natural thing to accept if one assumes that
every matter theory inhabits the same spacetime (if the parameters are given spatiotem-
poral meaning from the start). But, as Norton points out, this is question begging for the
strong constructivist. Let us remark that this assumption, from the formal point of view,
can be referred as the necessity of introducing a topological manifold of events with coordi-
nate charts.

Norton also argues, I think that less convincingly, that to make full sense of their
program strong constructivists should either think of space and time intervals as prop-
erties of a spacetime entity (which is clearly not consistent with their view) or be com-
mitted to a very strong form of operationalism in which quantities have no values un-
less they are actually measured. The argument combines the intuitions behind the COI
arguments discussed above (that any matter theory measures the same intervals should
be taken as evidence in support for the existence of a common origin) and the idea that
the constructivist could not use spacetime notions for empty regions of spacetime (there
would be no time interval between two events unless there is an actual clock traveling be-
tween them).

We can take this discussion as a way of identifying some challenges that an alternative
to the account of special relativistic effects in terms of the Minkowski metric must face. It
must justify the necessity of introducing something equivalent to the spacetime manifold
of events and must provide an account of space and time notions in a way that does not
present them as the result of measuring a previously given spacetime entity to which matter
fields adapt. In what follows, I will show how to meet these requirements without import-
ing the problems of the naive realist when trying to provide an account of the explanatory
power of Minkowski metric.

S. Explaining spacetime?
This is the situation so far. The dynamical approach (or constructivist program) would de-

fend that, in SR, relativistic effects are explained by the condition that all matter laws must
be (locally) Poincaré invariant. The problem for such an approach is that, taken as a brute
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fact, such a restriction on laws seems an unacceptable cosmic coincidence.® On the other
side of the dispute, the defense of the explanatory power of Minkowski spacetime either
takes a full realist flavour and is in need of providing a story of the connection between spa-
cetime and symmetries of laws, or it tries to be ontologically neutral and advocates for a for-
mal notion of explanation. I think that the latter is the most promising strategy but I disa-
gree with its defenders” aim of leaving ontology out of the discussion, if what they want is
to distinguish themselves from the dynamical approach. I have argued that if one does so,
the notion of explanation involved in the claim is so thin that its difference with what is
defended in the dynamical approach seems merely terminological: no substantive distinc-
tion regarding the arrow of explanation is found. What the dynamical approach needs,
then, is an account of the coincidence of the symmetry of every law (the common origin);
on the other hand, what the realist position needs is filling in its epistemic account of the
explanatory relevance of Minkowski metric. One thought that seems natural is that both
needs point in the same direction: what makes geometry Minkowskian and what makes
the matter laws Poincaré invariant. Is there a common origin for these two facts? I want to
argue that this is the case and show how looking for such an origin involves developing a
truly constructive strategy in a different ontological setting.” What I present in the rest of
this paper is a description of a program to attempt that, not a full-fledged proposal.

Let me assume what I believe is a natural ontological framework for physical theories.
For our purposes, we will take a physical theory as providing a systematic description of the
relation between physical events (occurrences). It is obvious that physical theories exhibit
varied ontologies, but we can assume that the idealised notion of event is sufficiently gen-
eral to be considered as the basic block for a great number of them. It is common in mod-
ern presentations of spacetime theories to take the notion of event as a fundamental con-
ceptual starting point. Given that, the relevant question is how to charactarise such events
and how much ontological import give to them. Sometimes events are seen as mere con-
ceptual tools, others, the notion has a stronger ontological burden (Dorato, 2015). A real-
ist conception of spacetime can give the notion of event a central role too: there an event is
understood as a generalisation of the concept of geometrical point of a substantival space.
This usually comes together with a substantivalist conception of spacetime: the idea of
events being spacetime points is translated literally into ontological terms, understanding
spacetime as an entity composed by events. But it is not compulsory, not even advisable, to
interpret the notion of event in these terms.

So one can think of the notion of spacetime event as a trademark of a substantivalist
perspective. But, is there an alternative way of reading the role played by the notion of spa-
cetime event? After all, initially an event is nothing else than a possible physical occurrence.
From this initial characterisation it should be clear that in the notion of event the spatio-

8 As mentioned above, such a coincidence is meaningfully labeled in recent developments of the ap-

proach (Read et al,, 2018; Read, 2019, preprint) as the first miracle of relativity.

It is true, as Acufa (2016) notes, that the problem of giving account of the symmetries of matter laws
being the same is one for the truncated version of the constructivist approach, tenable because there is
not yet a full quantum theory of matter, but would not be so for a full version in which Lorentz invari-
ance might be taken as derived from such a fundamental theory. Nonetheless, cither in the full version
Lorentz invariance is a brute fact, in which case it is not that different from the situation in the trun-
cated version, or it is derived and one can conjecture the type of explanation that would be provided.
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temporal aspect of reality is linked to the modal dimension of laws. That events are possi-
ble physical occurrences means that they are occurrences allowed by the physical theories
in question, and somehow encoded in their equations of motion; it is only in conjunction
with this that they can be taken as components of spacetime. Arguably, this is what is ul-
timately alluded to in statements that present spacetime as the set of all possible events. It
is possible to understand this in substantivalist terms, by somehow separating the spatio-
temporal dimension from the laws, but in the context of our discussion one must keep in
mind that such structure is nothing more than an abstraction from the collection of physi-
cal events, understood as possible occurrences in the context of some physical theory. This
provides a conceptual framework to understand the relations between spacetime structure
and physical laws.

This slight switch of perspective —from engaging directly with the question about the
nature of spacetime to regarding this issue as deriving from a reflection on the conditions
that allows the formulation of the different physical theories— has its origins in Kant’s
analysis of experience and a long tradition that arrives to our days; specially relevant are the
discussions of Michael Friedmann and Robert DiSalle for the translation of Kantian ideas
to the relativistic context. Here, I do not intend to enter in the discussion of these different
proposals or to track the connections (which are nevertheless indisputable) with my own.'
My only intention here is to sketch a general framework which I believe to be specially illu-
minating for the discussion of the relation between spacetime symmetries and symmetries
of laws. It can be called, in general, a trascendental approach.' !>

The starting point, then, is the idea of investigating the nature and structure of space-
time understood as a set of features of the collection of possible physical events. This pro-
vides an alternative ontological perspective to taking spacetime structure as primitive, as it
makes explicit the connection of such structure with the formulation of physical laws and,
eventually, the notion of experience. There are two key questions for this type of project.
First, which structures do represent spacetime in each theory. Second, how do they earn
their spatiotemporal character. Although the two are related, my concern here is mainly
with the second one: the question about how the spacetime structures in the different the-
ories are generally justified. Simplifying, one might say that there are two potential gen-
eral sources for justifying spacetime structures: either they are argued to be somehow in-
troduced 4 priori in the formulation of the theory (this initially just meaning that they are
taken to be determined previously to the formulation of the theory in question) or they are
somehow to be justified by means of the laws of the theory. The two extremes are prob-
lematic: one seems to be forced either to deny the same demand of justification —admit-
ting external elements— or to hide certain presuppositions needed for the formulation of
the laws."> Nonetheless, this might be a false dilemma: the a priori elements might be vindi-

® Ileave this for a different paper.

The term trascendental, in this sense, has its origins in Kant. Nevertheless, given the variety of Kant's
interpretations, the precise relationship between Kant's trascendental idealism and the present pro-
posal is not a simple one. And this is not the place to discuss it.

Related approaches have a long tradition and more recent formulations like (DiSalle, 2006; Friedman,
2001).

In a loose sense, the two extremes can be recognised in the two positions presented in the central dis-
pute of this paper.
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cated as necessary for the formulation of laws that can give account of a certain field of ex-
perience and this, at the same time, would show the presuppositions hidden in the formu-
lation of the laws for different theories. This is at the core of the strategy presented here as
a middle path between the two extremes.

5.1. SPACETIME SYMMETRIES AND SYMMETRIES OF LAWS

Let us see how this general strategy can be of any help for the question about the explan-
atory relationship (if any) between spacetime symmetries and symmetries of laws. Recall
that I argued before that the question about explanation, in absolute terms (bracketing is-
sues about contextuality) cannot be answered without introducing ontology into the pic-
ture. My claim now is that this strategy allows a fruitful engagement with ontology in the
context of the present discussion.

As we saw, the main challenge for a realist geometrical approach is to explain why mat-
ter laws must mimic the symmetries of spacetime structure, understood by the realist as an
autonomous entity. Janssen’s geometrical approach avoids this problem but with the re-
sult, as it was argued, of not being able to defend a position in which the arrow of explana-
tion goes from spacetime to symmetries of laws. According to our perspective, the problem
for the realist approach comes from abstracting spacetime structure from the set of physical
events and then looking for an explanatory story that would go from this abstracted struc-
ture to the symmetries of laws. But one can take the origin of spacetime structure —with
its symmetries— to be no other than the set of possible physical events.

The dynamical approach, on the other hand, makes explicit the necessity to provide an
account for the requirement of symmetries of laws. For the strong constructivist version of
this approach, on top of this, there is a demand to derive the full spacetime from non spa-
tiotemporal assumptions. In any case, the pressing challenge is to justify that all the matter
laws have the same symmetries without using an underlying spacetime structure as the last
resource. And this is precisely what is offered in the present approach, by putting the fo-
cus on the constraints on the formulation of physical laws and on the origins of such con-
straints.

The main idea of this general interpretive perspective, then, is the following: differ-
ent physical theories introduce different restrictions on the formulation of physical laws
by providing, implicitly, different definitions or characterisations of what a physical event
is. Together with this, such definitions are linked (or they can be so a posteriori) to certain
ways of justifying such constraints; ways that are related to general epistemic notions, cer-
tain conceptions of what physical experience is. The claim is that the introduction of space-
time notions have to do with this. Let us try to look at it in some detail.

Some restrictions are general for spacetime theories and have to do with basic features
of physical experience or, in other words, with the basic conditions entering the definition
of physical event. Formally these general restrictions are usually encoded in the topologi-

4" As mentioned above, recent presentations of this approach avoid this challenge by explicitly claiming
that for the dynamical approach this is an unexplainable brute fact in SR (the so-called first miracle of
relativity) and arguing that no further explanation is forthcoming, See (Read ez 4/, 2018) for an exten-
sive defense of this position and (Sus, preprint) for a critical take on it.
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cal structure. They come from general assumptions about the content of physical experi-
ence: assumptions that obviously could be dropped at some point but that are operative for
a number of theories. Take as an example relations of anteriority/posteriority and conti-
guity: we might say that it is part of the identity of a physical event that it is always next to,
before or after other events. And this is something that is part of the type of experience that
we have and that we attempt to capture with our physical theories.

The point coincidence argument is an example of an argument that attempts to justify
certain general restrictions for theories. It starts by assuming that all physical theories can
only describe coincidences of physical occurrences (ideally coincidences between system and
measuring apparatus) to conclude that theories should be generally covariant. There were
historically, and still at present, different readings of such an argument’ but a plausible min-
imal interpretation, that is actually realised in practice, is to see the argument as establishing
that a topological manifold is a common structure of any admissible spacetime theory.'® We
see here how starting from some feature supposedly intrinsic to our notion of physical ex-
perience, some minimal condition for something to be empirically valid, we may say, a con-
clusion about the structure of the space of physical events described by physical laws is ex-
tracted. This illustrates the general idea: different conditions on the set of possible events
that are introduced in the theories (some of them concomitant to some general conception
of experience) and that can be read off the formalism conform the spatiotemporal charac-
ter of the theory. So it is true, in a sense, that there are spatiotemporal assumptions that are
put in the theories, as Norton argues against the strong constructivist program (we see this
clearly in the case of the ones related to the topology of the space of events), but they must
be understood as imposed with the scope of describing and delimiting certain type of expe-
rience. This does not show that the manifold is an autonomous entity on which metric spa-
cetime must be built, it rather suggests that the formal conditions, implicit in a theory that
tries to encode certain type of experience, must incorporate something like a topological
structure that plays the role of a mechanism to individuate physical events.

But we have not said anything about the symmetries of laws yet. Physical events can be
connected in different ways and different theories allow for different patterns of connectiv-
ity. This determines whether a given event can affect or be affected by any other. It seems
desirable that this is well defined in a theory and, if it is, it provides what is often called its
causal structure. In relativity, as we all know, this is given by the light cone structure de-
rived from having a limit on the possibility of connecting two events by signals, and the
empirical fact that light speed is independent from the speed of the emitter. So we naturally
find that some principle about the connectivity of possible physical events generates certain
structure that is part of what we call spacetime structure. Let us see how.

In the case of SR this stems from the two principles on which the theory was originally
funded and from which the relativistic effects can be derived: the light principle and the
relativity principle. The light principle, empirically, is based on the independence of the ve-
locity of light from velocity of the emitter. Furthermore, on the theoretical side, Maxwell’s

15 See (Giovanelli, 2013) for an excellent study of its different versions.

!¢ This does not mean that no theory can be formulated without a topological manifold, but that if it in-
tends to make contact with experience, at some level of description, it will be describable with this top-
ological space at its base. Perhaps this might be called, borrowing Huggett's terminology, phenomenal
space.
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theory has solutions that can be interpreted as waves transmitted with constant velocity.
This is the base that provides empirical content for a principle determining the connectiv-
ity between events and that will be valid for a certain class of observers. This latter fact, the
restriction to a class of observers, is what the relativity principle takes care of, which rests,
empirically, on Maxwell’s equations being invariant under Lorentz transformations, Again
this is the empirical fact that is elevated as principle in the form of the relativity princi-
ple. My claim, then, is that the origin of the requirement of the local Poincaré invariance
of matter laws that is present in SR is to be found in this interpretation of the principles,
as it imposes a restriction on the connectivity of events described by the different matter
laws. The fact that light signals are used to determine the spatiotemporal relations between
events restricts the local symmetries of laws (which describe relations between events) and
conjunctly the local spatiotemporal symmetries.

Let me try to be more explicit about this last point. The two principles, based on the
generalisaion of some features of light, impose the determination of the connectivity be-
tween events to be equally valid for a privileged class of observers; then this provides certain
transformations that preserve such a structure: the spacetime symmetries. We need to see
that such transformations are also the symmetries of the laws. The mentioned structure is a
structure on the space of configurations of events allowed by the theory; this together with
the types of fields and particles that enter the equations of the theory determines a space of
kinematical possible models (KPM). Different matter theories, with their field equations
and equations of motion, will select different models as solutions (different spaces of dy-
namical possible models), but all of them will have the structure of the space of KPM in
common. And this determines the invariance properties of the equations of such theories
in the following sense. We define the invariance group of a theory as the subgroup of the
diffeomorphism group such that applied to the matter fields and particles of a solution of
the equations generates another solution.'” This ensures that those transformations that
leave the induced structure of the KPM invariant belong to the invariance group of the
theory. Therefore, all the theories that can be formulated on the same space of KPM have
the same subgroup of the group of diffeomorphisms as the invariance group, and it coin-
cides with the group of transformations that are symmetries of the structure of the space of
KPM. This shows, then, how symmetries of the matter laws are, at the same time, the sym-
metries of the emergent spacetime.

I must be clear about what I am not implying by this. I am not saying that any conceiv-
able matter law must comply with these symmetries —which is trivially false— but that SR,
as a theory, involves some principles —with an empirical base— from which the (local) sym-
metries of all matter laws and its coinciedence with spacetime symmetries can be derived.
This means that, insofar as these principles are valid, and therefore the theory is adequate,
the claims about symmetries of matter laws will hold. Note that SR, in fact, would claim such
principles to be valid globally, but we now know that their validity, together with the sym-
metry claims, must be localised. The reverse of these claims is to say that SR, as any theory,
through these principles defines a regime in which the theory is (approxiamately) correct.

Furthermore, we know that the structure on KPMs, introduced so far, does not de-
termine Minkowski spacetime and that the symmetry associated with it is bigger than the

17" See (Pooley, 2017; Sus, 2019) for more details on this.
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Poincaré group usually associated with the theory. The reason is that we have only consid-
ered the structure induced by the limiting connectivity between events (causal structure)
and have not said anything about scale. To fix this, one should take into account that most
physical theories address domains where scale is important, therefore they introduce this as
part of the conditions on the definition of physical event. If this is the case, the fixed struc-
ture on the space of KPMs is the full Minkowski metric and the invariance group is the
Poincaré group. This way we find certain symmetries which must be symmetries of any
laws describing the connection between events precisely because they are symmetries of the
structure recognised as spacetime.

As mentioned above, the program sketched here can be seen as the backbone of differ-
ent proposals that, from long time ago, attempt at deriving relativistic spacetime structure
starting from some principles related to causality."® What they have in common is that they
relate relativistic spacetime structure to some principles that have to do with general fea-
tures about the connectivity of events (and the behaviour of certain bodies), although per-
haps they do not make explicit the epistemological connection. I am not trying to defend
that such principles are well justified, I am simply stating the fact that symmetries of laws
and spacetime, in such approaches, can be seen as linked to this type of principles.”” Thus,
whether one thinks that such principles are well founded or not, here we have a perspective
that points to a common origin of spacetime symmetries and symmetries of laws.

6. Responding to Norton’s challenges

Let us recall Norton’s criticism to the strong constructivist program, criticism that he
made extensive to any viable alternative to the naive (my qualification) realist conception
of Minkowski spacetime: it is not possible to derive spacetime structure starting from mat-
ter laws without introducing spatiotemporal assumptions, which would almost amount to
presupposing the spacetime that allegedly was being derived. As I mentioned above, I think
that Norton rightly points to some elements that seem necessary for the formulation of any
matter theory from which one would hope to derive spacetime, and that such elements are
somehow spatiotemporal. My disagreement has to do with how to judge this situation: I
do not think, as he does, that the only way of justifying these presuppositions involves al-
most assuming the full spacetime structure and, therefore, I do not share his view of this as
clearly supporting a naive realist or substantivalist position.

Norton’s first specific challenge has to do with the identity of events. I will formulate
it in a way close to Norton’s own words. Imagine that one starts from Lorentz invariance
as a restriction on the formulation of any matter law and one wants to derive Minkowski
spacetime from it. This presumes that the parameters that identify the different events in-
troduced for any matter law are all the same. Then Norton asks: if one is not assuming that
such parameters identify spacetime points, What is the base for their equality? Nothing,
it seems. He supports his concern by noting that there are theories with other parameters,

18 Examples can be found in (Ehlers ef al, 2012; Kauffman, 1985; Knuth ez 4/, 2014; Lévy-Leblond,
1972; van Fraassen, 1970).
1 In (Sus, 2019) the constitutive character of such principles is thoroughly discussed.
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corresponding to internal degrees of freedom, for which the spatiotemporal character is
not demanded.

As Norton recognises, his first concern is at least alleviated if one supposes a topo-
logical manifold that can be coordinatised to R and Pooley, as a defender of the dynam-
ical approach, admits that this was always tacitly assumed in a potential construction of
Minkowski spacetime.”® What is of interest for us, because this is what proves the efficiency
of the present approach in solving the shortcomings of the dynamical approach, is to check
whether there is a satisfactory story that justifies this common assumption present in al-
most every discussion of spacetime theories, or at least to see where we should look to pro-
vide one such a justification.

As it was stressed in the previous section, the leading idea here is that such justification
has to do with general conditions on the notion of physical experience or, if one concep-
tualises this as being composed by physical events, on the definition of event. In the pres-
ent case, the general characteristic has to do with what we might call unity of experience. If
our theory admits different matter fields or particles, it is usually assumed that all of them
can, in principle, interact with each other (whether they in fact do it or not); and this re-
quires that there is a common pool of parameters in which such theories can be formulated.
Of course, this restriction could be dropped, and then, as Norton suggests, different mat-
ter fields would define (and live in) different spaces and, at the same time, this would pre-
clude that such different matter fields could influence each other. So it is not compulsory
to assume this unity for the formulation of matter theories, but this is the case under a cer-
tain conception of physical experience that is operative for many, if not all, present physical
theories. Furthermore, this perspective helps us with the question about the difference be-
tween internal and external spaces. It is true that some theories, even if introducing a com-
mon manifold of events, allow for internal spaces. The spacetime parameters have to do only
with the possibility of mutual interaction, but not with the content or character of such in-
teraction: to qualify these interactions, more internal degrees of freedom, encoded in these
internal spaces, can be necessary.

It seems clear that, with the assumption of a unique underlying manifold of events, to-
gether with the mentioned assumption of unity of experience, come others like continu-
ity, dimensionality, etc. My intention here is not to find plausible justification for them,
but to state that they are correlated to more or less generalised and tacit assumptions about
the nature of physical experience and that they are essential constituents of the definition
of physical event operative in different physical theories. Take as an example the difference
between spatial and temporal dimensions. It is ingrained in our conception of experience
that things can happen at the same place, that something can change without moving or
that it can move without changing essentially; well, any notion of event that can give ac-
count of such features seems to require at least a temporal and a spatial dimension. But this
should not be confused with stating that we will never find a theory that does not presup-
pose this kind of structure: some time ago something like this could have been argued in
favour of having an absolute notion of simultaneity or space being three dimensional, and
today, in the light of some of our theories, these last features do not present themselves as
necessary any more. The claim is not about necessity, aprioricity of psychological features

2 Pooley's own reply to Norton's challenges can be found in (Pooley, 2013).
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of experience or anything of the kind; it is simply about such features being conditions de-
fining the range of experience dealt with by certain theories and, at the same time, pro-
viding the justification for the emergence of certain space and time or spacetime in differ-
ent theories. Some features are more basic, more ingrained and, therefore, shared by most
of the theories, while others are more superficial and even linked to availability of certain
measuring apparatuses.

The second of Norton’s challenges for the constructivist program consists on pointing
out that seeing spacetime as deriving from matter laws seems to be committed to a strong
operational position. The idea is that for regions in which there is no matter content there
seems to be nothing to which attribute the spatiotemporal properties. Norton provides
what I think is the right scheme to answer this kind of worry: such assignments of spatio-
temporal intervals to empty regions provide counterfactual statements about what would
be measured if a material clock would connect the events. His criticism to this type of re-
sponse seems to consist on stating that they do not match with his realist intuitions.

It is true, as Norton argues, that if one wants to derive spacetime from matter laws, one
realises that some spatiotemporal assumptions enter, but also, I claim, that this does not
mean that one is assuming the full spacetime that one is trying to derive. On the one hand,
one recognises that the full metrical structure can be seen as, somehow, a consequence of
some properties of matter laws, as the dynamical approach defends. On the other hand,
there is a possible interpretation of the mentioned spatiotemporal assumptions that escapes
from it being trivially question begging: first, the assumptions are conditions for the for-
mulation of physical laws, second, such conditions are justified insofar as they are require-
ments that delimit some notion of physical experience.

7. Conclusions

I claim that the perspective presented in this paper supposes an important improvement
with respect to both the geometrical and the dynamical approaches for the interpretation
of SR as it provides a better ontological setting for understanding the question about the
nature of explanations of effects in spacetime theories.

First, let us look at the question about explanatory priority. As I argued in the first part
of the paper, if the question is posed in terms of the arrow of explanation between space-
time symmetries and symmetries of laws and, moreover, one intends to be ontologically
neutral, then there are no reasons to think that we should see symmetries of laws as ex-
plained by spacetime. What everybody seems to agree with, in the context of SR, is that the
explanatory weight of typical relativistic effects falls on certain formal properties, but there
is no reason for understanding such properties as being of a substratum different from
whatever is described by the matter laws themselves. The main argument in defense of the
explanatory priority of spacetime relies on the common origin inference and seems to pre-
suppose a notion of formal explanation that, by itself, does not support the claim of the ar-
row going from spacetime to symmetries of laws. When the question is whether relativistic
effects are explained either by spacetime structure or by Lorentz invariance, one can recog-
nise that there are contexts in which saying that certain effects happen because spacetime
is Minkowskian might be explanatory. But surely, the defenders of a non-dynamical ap-
proach want something stronger than that when they talk about the arrow of explanation
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between spacetime symmetries and symmetries of laws. And we are back to the starting
point. On the other hand, there is an important pressure for the dynamical approach: if the
question is about explanation, it seems ad hoc to take the symmetries of laws as brute facts.

There are two more or less direct morals that one might extract from this situation:
first, leaving ontology aside does not seem to clarify anything and, second, the problem
points to the question of how to explain that all matter laws should be Poincaré invariant.
I have argued that these two issues —inserting ontology in the discussion and explaining
what (Read ez al., 2018) call the first of the miracles of relativity— are interdependent and
that there is a strategy, with a long history but usually not explicitly exposed, that can show
how to deal with them.

According to this strategy, the transcendental approach, symmetries of laws and sym-
metries of spacetime they both come from a common set of presuppositions implied in a
theory: presuppositions that have to do with certain general requirements for physical ex-
perience and that are expressed by some general principles and materialised in the defini-
tion of physical events.

This also provides an explanation of why, in the relativistic context, all matter laws
have the same local symmetries. The dynamical approach posses a challenge for the inter-
pretation of SR: the explanation of relativistic effects by means of Minkowski spacetime
is incomplete, so one needs to provide a more sophisticated account of the common sym-
metries of matter laws from which the effects can be derived. Janssen uses the COI to ar-
gue that Minkowski spacetime does actually explain the symmetries of laws, without being
committed to a substantivalist understanding of spacetime. The transcendental approach
presented here addresses this challenge differently, by providing a story of the origin of this
common feature of laws; in a sense the search of common origin that Janssen asked for. But
the answer, in this context, is not the Minkowski metric; which is also a product of the com-
mon origin. The answer comes from realising that every physical theory incorporates some
general notion of experience that is materialised as a set of conditions on the formulations
of the laws of the theory. This, in modern presentations of spacetime theories, can be seen
captured as requirements ingrained in the characterisation of physical events, as conditions
that are manifested in different layers of geometrical structures. For this strategy, the fact
that all laws have the same symmetries, which such symmetries are and the account of the
emergence of full spacetime have the same common origin. To complete the program one
must be able to provide specific principles delimiting the notion of experience and see how
they impose both symmetry restrictions on the formulation of laws and spacetime struc-
ture.

We have seen how some of these principles operate in SR and how they relate to the
symmetries of spacetime and laws. There are some general conditions on the same defi-
nition of event, supported by some principles on physical experience. This endows the
set of events with topological properties; the claim is that such properties are justified in-
sofar as certain conception of what is admissible physical experience is operative; which,
no doubt, is dependent on what the world is like. I have mentioned explicitly what I
have called principle of unity of experience because it allowed me to reply to some con-
cerns about the plausibility of the constructive program, but other principles could be
presented in this context. What is important here is to realize how general formal con-
ditions, usually accepted for the formulation of spacetime theories, have these kind of
principles behind. The ones encoded by the topological manifold of events are shared

192 Theoria, 2020, 35/2, 175-195



How to be a realist about Minkowski spacetime without believing in magical explanations

by many theories, not just SR, which explains why the standard formulation of spacetime
theories is so spread. But note that under this perspective, the mentioned principles are
not just seen as equivalent to the mere acceptance of a given spacetime structure of the
naive realist, neither as arbitrary phenomenological principles, they are conditions for
the formulations of physical laws.”! Furthermore, we also have some principles that re-
strict the possible connections of different events: in the case of SR, we can bring to the
fore something like a limiting signaling principle (empirically sustained by the constancy
of the velocity of light). This is the base from which the symmetries of matter laws (en-
coding relations between events) can be derived together with the metrical structure of
Minkowski spacetime (as the one surveyed by measuring devices behaving in accord with
Poincaré invariant laws).

The present strategy provides, then, a peculiar response to the problem of the relation
between the dynamical symmetries and the spacetime symmetries and a middle path be-
tween the naive realist and constructivist positions. I think that it shares the spirit of the
dynamical approach: spacetime is given as a set of general conditions for the formulation of
physical laws. And it is genuinely realist about spacetime, but without the need to postulate
any magical explanatory relation between it and phenomena.

What kind of account of spacetime does this perspective endorse? Spacetime is pre-
sented as somehow derived from certain general conditions on the formulation of laws,
which can be viewed as part of the definition of event implicated in a given notion of phys-
ical experience. Does this mean that, under this view, spacetime is explained? If it is, ex-
plained by what? And, according to what notion of explanation? As I see it, this perspective
provides a framework to understand the relation between spacetime structure and symme-
tries of physical laws in different theories. In this sense, it provides the ontological scaffold-
ing that supports the claims of explanations going from spacetime to some effects through
symmetries of laws, in some contexts, and also the resistance, sometimes found, to accept
that spacetime is part of the explanation. All this is done, as I have stressed, by seeing space-
time as in a way constructed from events that fit to certain notion of experience that is en-

coded in physical laws.
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