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Quantum Modal Realism
• Overall aim of the talk: to describe and defend a new theory of
objective contingency, quantum modal realism.
• It is modal realism because it includes alternative possible
worlds which are real and of the same kind as our own world.
• It is quantum because it is based on Everettian (many-worlds)
quantum theory.

Plan
• How to do naturalistic (scientific) metaphysics.
• Four grades of naturalistic involvement
• Quantum Modal Realism
•
•
•
•

Chance
Modality
Indeterminacy
Laws

Naturalistic Metaphysics

Katherine Hawley
• Hawley (2006), ‘Science as a Guide to Metaphysics?’
“metaphysical beliefs, like other beliefs, should be empirically adequate,
and contemporary science is our best guide to empirical adequacy. This
thought is now reflected in the requirement that traditional
metaphysicians must provide a system of beliefs which involves
traditional metaphysics and which is empirically equivalent to scientific
theory (or, depending where the burden of proof lies, scientific
metaphysicians must show that this cannot be done).” p.465

James Ladyman & Don Ross
• Ladyman & Ross (2007), Every Thing Must Go:
“Any new metaphysical claim that is to be taken seriously should be
motivated by, and only by, the service it would perform, if true, in showing
how two or more specific scientific hypotheses jointly explain more than
the sum of what is explained by the two hypotheses taken separately,
where a ‘scientific hypothesis’ is understood as a hypothesis that is taken
seriously by institutionally bona fide current science.” (p.30)

Craig Callender
• Callender (2011), ‘Philosophy of Science and Metaphysics’
“there is no interesting species of metaphysical modality that is largely
immune to science. Our modal intuitions are historically conditioned and
possibly unreliable and inconsistent. The only way to weed out the good
from the bad is to see what results from a comprehensive theory that
seriously attempts to model some or all of the actual world.” (p.44)

Matteo Morganti & Tuomas Tahko
• Morganti & Tahko (2017), ‘Moderately Naturalistic Metaphysics’
“To sum up, the core of our positive proposal is that we consider some
elements of metaphysics to be prior to science in that metaphysics
explores a basic possibility space in such a way that the grounds for the
interpretation of scientific theories are laid. At the same time, some
elements of science are prior to metaphysics in that science not only
contributes to the definition of the basic possibility space itself, but also
gathers the indications coming from the actual world that are necessary
for fleshing out the various metaphysical hypotheses and selecting the
most appropriate (i.e., informative, explanatory, simple etc., but also likely
to be true) among them.” (p.24)

Formulating the naturalistic thesis
• Epistemological Naturalism in Metaphysics:
• Truths revealed by natural science are evidentially relevant to some
metaphysical hypotheses.

• Radical Epistemological Naturalism in Metaphysics:
• Truths revealed by natural science are evidentially relevant to all
metaphysical hypotheses.

• The radical thesis might be derived from a holistic epistemology,
where every hypothesis is evidentially relevant to every other.
• In previous work (e.g. Wilson 2013a, 2013b) I’ve defended a holistic
‘package deal’ approach to naturalistic metaphysics.

The ‘Package Deal’ Approach
• An adequate total theory of the nature of reality will involve both
metaphysical and scientific components.
• We may in principle modify elements of both science and
metaphysics in order to come up with the best package deal.
• Ultimately, we compare one package deal with another.
• But! - our theories in natural science have a much stronger
independent evidential basis than our theories in metaphysics.
• So, ceteris paribus, we should expect to modify metaphysics to fit
in with natural science more extensively than vice versa.

The depth of the connection
• The general conception of epistemological naturalism I have
described is compatible with degrees of naturalisticness.
• Different metaphysical theories may differ with respect to how strongly
discoveries in natural science bear evidentially on them.
• In short: some metaphysical theories are more naturalistic than others.

• I will call these ‘degrees of naturalistic involvement’.
• In the rest of the talk I’ll focus on a case study: modality.
• To what degree should the results of natural science bear evidentially on
the metaphysics of objective modality?

Four Grades of Naturalistic Involvement

Why Modality?
• The metaphysics of objective modality is a particularly important
testbed for naturalistic metaphysics.
• Science-based critiques of metaphysics often lean heavily on the
appeals that metaphysicians make to intuitions about possible worlds
(Ladyman and Ross; Callender; Bryant)
• Anti-naturalistic metaphysicians such as E.J. Lowe and George Bealer
have characterized metaphysics as the a priori science of the possible.
• Modality has seemed distinctively resistant to naturalistic treatment
(along with morality and mathematics; Price and Jackson (1997) call
these the ‘M-worlds’).

Four Grades of Naturalistic Involvement
• With a nod to Quine’s three grades of modal involvement, I’ll
classify approaches to objective modality into five categories,
depending on how much evidential bearing they allow.
•
•
•
•
•

[Grade Zero: no such thing as objective modality.]
Grade One: science bears on what is nomologically possible.
Grade Two: science bears on what is metaphysically possible.
Grade Three: science bears on what is metaphysically necessary.
Grade Four: science bears on what metaphysical modality is.

• Each grade strictly extends the previous grade’s degree of
evidential relevance of natural science to modal metaphysics.

[Grade Zero]
• We can know a priori that there is no such thing as objective
modality.
• (Van Fraassen 1977; Cameron 2010)

• No scientific discoveries can in principle be relevant to either the
nature or extension of nomological or metaphysical modality.
• Modal truths, insofar as there are any, are completely
conventional.

Grade One
• Grade One: Scientific evidence bears on what is nomologically
possible.
• (Armstrong 1983; Bealer 1987; Lowe 1998)

• Nomological possibility is compatibility with the laws of nature,
and science (obviously!) bears on what the laws of nature are.
• But the background space of metaphysical possibility is
completely isolated from scientific evidence.

Grade Two
• Scientific evidence bears on what is metaphysically possible.
• (Darwin 1859; Einstein 1905, 1916; Lewis 1986)

• Philosophers at this grade allow that science can reveal
metaphysical possibilities where a priori reflection cannot.
• Lewis, for example, claimed to be willing in principle to recognise
the possibility of ‘unHumean whatnots’ in light of quantum theory.
• A more familiar case is the recognition of the possibility of curved
spacetimes in light of general relativity.

Grade Two!

Grade Three
• Scientific evidence bears on what is metaphysically necessary.
• (Shoemaker 1980; Swoyer 1982; Ellis 2001; Bird 2007; Edgington 2004;
Leeds 2007; Wilson 2013b.)

• On these views, if a claim is nomologically necessary then it is
also metaphysically necessary.
• Most authors above acknowledge the metaphysical possibility of
‘alien’ fundamental properties governed by ‘alien’ laws.
• Edgington, Leeds and myself are exceptions.

Grade Four
• Scientific evidence bears on what metaphysical modality is.
• (Wilson forthcoming)

• In a forthcoming book, The Nature of Contingency, (Wilson
forthcoming) I argue that quantum theory gives us insight into
metaphysical modality.
• The core proposal: metaphysical contingency is variation across
different branches of the quantum state of the universe.

Summary
The Four Grades of Naturalistic Involvement again:
• Grade Zero: We can know a priori that there is no such thing as
objective modality. (Van Fraassen; Cameron)
• Grade One: Scientific evidence bears on what is nomologically
possible. (Armstrong; Bealer; Lowe)
• Grade Two: Scientific evidence bears on what is metaphysically
possible. (Darwin; Einstein; Lewis)
• Grade Three: Scientific evidence bears on what is metaphysically
necessary. (Shoemaker; Ellis; Bird; Edgington; Leeds; others)
• Grade Four: Scientific evidence bears on what metaphysical modality
is. (Wilson… and anybody else?)

Emergent Contingency

Necessity or Contingency First?
• Some truths are necessary; others are contingent. What accounts
for this difference?
• Two approaches to answering this question:
• Contingency-first: the default status for a truth is contingency. Necessity
needs explaining.
• Necessity-first: the default status for a truth is necessity. Contingency
needs explaining.

• At least since Hume, the contingency-first approach has
predominated.
• I’ll explore the necessity-first approach, and offer a naturalistic
theory of contingency.

Emergent Contingency
• Quantum modal realism draws on Everettian quantum
mechanics (EQM).
• Contingency is variation across different branches of the quantum state
of the universe – different Everett worlds.

• Quantum modal realism makes contingency into an emergent
phenomenon.
• At macroscopic levels, laws are indeterministic and physical reality is
contingent.
• At the fundamental level, laws are deterministic and physical reality is
non-contingent.

Everettian Quantum Mechanics
• Proposed in 1957 by Hugh Everett III.
• A.K.A. the ‘many worlds interpretation’.

• No collapse mechanism, and no ‘beables’ added to the basic
quantum formalism.
• Quantum superpositions are interpreted not as indeterminacy
but as multiplicity.
• Unlike other interpretations, EQM is relativistically invariant and
extends naturally to quantum cosmology (Saunders et al 2010).

Emergent Chance

Quantum Branch Weights
• The structure of the quantum state comes equipped with a
measure: the mod-squared-amplitudes, or branch weights.
• These amplitudes sum to 1, and are conserved under the unitary
quantum evolution independently of the form of the force laws
involved.
• They are therefore naturally interpreted as an objective
probability measure over branches.
• But what are they probabilities of ?

Indexical Contingency
• EQM makes physical contingency into an indexical phenomenon.
• It is physically contingent where in the Everettian multiverse we are
located.
• It is not physically contingent what the entire Everettian multiverse is
like.

• Contingency is reduced to self-locating contingency: to
contingency concerning which Everett world is actual.
• For it to be the case that I will see spin-up tomorrow is for it to be the
case that I am located in a spin-up-tomorrow world.

Overlap vs. Divergence

Overlap vs. Divergence

The Ingredients of Indexicalism
• Divergence
• Everett worlds do not overlap; each macroscopic object and event exists
in one Everett world only.

• Alignment
• To be a metaphysically possible world is to be an Everett world.

• Propositions-as-sets-of-worlds
• Ordinary contingent propositions are sets of worlds: P is true at a Everett
world w if and only if w is a member of P.

• Indexicality-of-actuality
• Each Everett world is actual for its own inhabitants.

Counterfactuals (or: counteractuals)
• Modal realists in general give a very simple theory of
counterfactuals: they describe how things are in nearby worlds.
• Quantum modal realists accordingly account for counterfactuals
in terms of the distribution of facts across Everett worlds.
• Roughly, if A then would B is true if all of the closest A-Everett-worlds
are B-Everett-worlds.

• Counterfactual closeness can in turn be given an analysis partly
in terms of objective chance.
• Low-chance events play the role of miracles in Lewis’s theory of
counterfactual evaluation (Lewis 1979).

Emergent Determinacy

The Universal State
• Fundamental entity : the universal state (the quantum state of the
universe).
• Can be understood as a wavefunction on configuration space, or as a
non-separable state of spacetime.

• The universal state evolves deterministically.
• But it has an internal dynamical structure: subsystems interact,
becoming entangled with one another.
• These interactions generate an emergent structure approximately
isomorphic to that of a collection of derivative Everett worlds.

Decoherence
• Decoherence theory describes the processes by which quantummechanical interference between distinct sub-systems becomes
negligible.
• There is no precise point at which this happens: we can ‘coarsegrain’ the property space of the system in multiple ways, with the
choice between them somewhat arbitrary.
• Decoherence is a temporally asymmetric process relying on a
‘low-entanglement’ initial condition.
• Decoherence gives us only an approximately defined space of
Everett worlds.

The Emergent Multiverse
• Emergent worlds are
• approximately defined
• indeterminate in number.

• Wallace [2012] : these features are typical of emergent ontology in
the special sciences.
• Supervaluationist or epistemicist theories of vagueness still
allow for true statements about various sets of Everett worlds.

Comparisons
• EQM:
• the space of Everett worlds is a non-fundamental space, consisting
ultimately in patterns in the fundamental quantum state.

• Quantum gravity
• Ordinary four-dimensional spacetime is a non-fundamental space,
consisting ultimately in patterns in e.g. quantum loops.

• Ontic structural realism (?)
• Concrete reality is non-fundamental, consisting ultimately in patterns in
the flow of information.

Emergent Laws

Fundamental Laws
• The quantum-mechanical unitary evolution is a law governing
fundamental reality.
• Given the Everettian account of the nature of contingency, this
law will be non-contingent.
• Schrödinger’s equation is analogous to the Lewisian principle of
recombination.
• How do we distinguish such laws from other necessary truths?
• perhaps via a primitive predicate, is physically instantiated, that applies
(necessarily!) to some mathematical structures but not to others?
(suggestion due to Cian Dorr).

Global Laws of Everett Worlds
• We also have laws governing individual Everett worlds, which
encode what all the worlds have in common.
• Conservation laws for e.g. energy and momentum fall into this
category.
• Given the Everettian account of the nature of contingency, such
laws will be non-contingent.
• Again, we can distinguish them from other necessary truths by
their subject-matter: which properties are the laws about?

Local Laws of Everett Worlds
• We can also characterize laws which apply only in some
restricted regions of the multiverse:
• the ‘law of Earth’ that objects accelerate downwards at 9.81ms-2.
• the ‘law of our inflationary bubble’ that the gravitational constant
G=6.67384 x 10-11 m3kg-1s-2

• Given the Everettian account of the nature of contingency, such
laws will be contingent, recapturing some of our modal intuitions.
• Local laws can also underwrite anthropic explanations in
physics, if there is some chancy quantum mechanism by which
‘constant’ values are dynamically determined.

Conclusion

Conclusions
• Everettian quantum mechanics offers a novel and radically
naturalistic theory of contingency: quantum modal realism.
• In quantum modal realism, the ‘default’ status for truths is
necessity: contingency is emergent.
• This inverts familiar ‘contingency-first’ viewpoints.

• The multiverse of quantum modal realism consists of emergent
diverging ‘parallel universes’ with chances defined over them.
• Quantum modal realism involves a multi-layered theory of laws:
fundamental laws, global laws, local laws.
• The contingency of local laws permits anthropic explanations in physics.

Thank you for listening!

This work forms part of the project A Framework for Metaphysical Explanation in Physics
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Parmenides
• The ‘Way of Truth’ argues for an unchanging, non-contingent,
monistic fundamental reality.
• Interpretation disputed; but on one familiar reading, Parmenides
argues as follows:
• since what is not cannot be thought, it cannot be thought that something
that is not should become anything that is, or that anything that is should
become something that is not.

• The ‘Way of Opinion’ describes a changing, contingent, pluralistic
derivative reality.

Spinoza
• Spinoza was explicitly necessitarian:
• “in nature there is nothing contingent, but all things have been determined from
the necessity of the divine nature to exist and produce an effect in a certain way”
– Ethics p.29.
• “things could have been produced by God in no other way, and in no other order,
than they have been produced” – Ethics p.33

• The standard interpretation of Spinoza is that he takes noncontingency to apply to derivative as well as to fundamental reality.
• Some recent interpretations (e.g. Garrett 1991) allow a ‘way of
conceiving’ of things - as not in relation to absolutely everything else in respect of which things are at least conceptually contingent.

Lewis
• ‘Counterpart Theory & Quantified Modal Logic’ [1968] - Twolanguage picture, with translation scheme.
• ‘Universe language’ with modal operators and quantifiers ranging over a
single world.
• Pluriverse language without modal operators and with quantifiers
unrestricted.

• On the Plurality of Worlds [1986] – One-language picture, with
context-dependent variable quantifiers.
• No appeal to fundamental vs. derivative.

Dorr’s Lewis
• With quantifiers unrestricted, and using purely qualitative
predicates, modal operators go redundant: to be possible is to be
actual is to be necessary.
• When we use non-qualitative predicates or impose de re
restrictions on our quantifiers (e.g. thisworldly, Swedish), modal
operators become non-redundant.
• All the work is done by a generalized counterpart theory (Dorr
forthcoming).

