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Bertrand Russell famously argued that causation plays no role in science: it is ‘a relic of a bygone age, surviv-
ing, like the monarchy, only because it is erroneously supposed to do no harm.’ [1] Cartwright [2] and later writers
moderated this conclusion somewhat, and it is now largely accepted that in a macroscopic setting causal concepts are
an important part of the assessments we make about possible strategies for action. But the view that causation in the
usual sense of the term is not present in fundamental physics, or at least that not all fundamental physical processes
are causal, remains prevalent [3, 4] - for example, Norton writes that ‘(causes and causal principles) are heuristi-
cally useful notions, licensed by our best sciences, but we should not mistake them for the fundamental principles
of nature’ [5]. Furthermore, many influential philosophical analyses of causation posit that causation arises only at a
macroscopic level, as a result of the thermodynamic gradient [6,7], interventions [8,9], the perspectives of agents [10],
or some such feature of reality which plays no role in fundamental physics.

In light of this widespread orthodoxy, it may seem surprising that in recent years a significant literature around
causation has sprung up within quantum foundations. Thus it is important to understand the nature of the recent
renaissance of causal talk in fundamental physics: do these research programmes offer a counterexample to the claim
that causal notions do not appear in fundamental physics, or are they simply using the word ‘cause’ in a non-standard
way? In this article, we address this question in the context of two research programmes in quantum foundations: the
process matrix formalism, and the causal modelling approach.

Woodward [11] distinguished between several different philosophical projects concerning our understanding of
causation - a descriptive project, a metaphysical project, and a functional project. This article spans all three of these
projects. We begin with the descriptive project, aiming to understand what physicists working in the process matrix
formalism and the causal modelling approach mean by their use of causal terminology; thus we review a debate
between proponents of the two approaches over the significance of an experiment called ‘the quantum SWITCH,’
which brings into sharp focus the differing conceptions of causation employed in these two frameworks. We show
that the process matrix programme has correctly identified a notion of causal order which plays an important role in
fundamental physics, and argue that this notion is weaker than the common-sense conception of causation because it
does not demand any kind of asymmetry.

We then take up the metaphysical project, arguing that causal order plays an important role in grounding more
familiar causal phenomena; thus we conclude that Russell was correct in his observation that there is no causation
in the usual sense in fundamental physics, but nonetheless fundamental physics does exhibit a phenomenon which
is closely related to causation. We apply these conclusions to assess the prospects of the causal modelling approach
within quantum foundations: since no-signalling quantum correlations cannot exhibit causal order, we argue that
certain quantum phenomena should not be analysed using classical causal models. This resolves an open question
about how to interpret fine-tuning in classical causal models of no-signalling correlations.

Finally we move to the functional project, where we observe that a quantum generalization of causal modelling
can play a similar functional role to standard causal reasoning. Thus we conclude that quantum causal models have
a legitimate claim to be regarded as at least quasi-causal despite the absence of causal order in the phenomena they
describe; but we emphasize that this functional characterisation does not entail that quantum causal models offer novel
explanations of quantum processes.
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