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Abstract: It is a widespread consensus among metaphysicians that the bundle and substratum
theories are substantially different metaphysical theories of individuality. In a realist stance towards
metaphysics, they cannot both track the truth when describing fundamental reality, thus they’re rival
metaphysical theories. Against that consensus, Jiri Benovsky has advanced a metametaphysical thesis
that they are in fact metaphysically equivalent. This paper challenges Benovsky’s equivalence thesis
with two counter-arguments based on the metaphysics of quantum mechanics: quantum
metaphysical indeterminacy and wavefunction realism. As we shall argue, while both substratum and
bundle theories arguably fail in standard quantum mechanics, they fail in different ways. Hence,
given Benovsky’s own notion of metaphysical equivalence, they are not equivalent.

Keywords: Metaphysical equivalence; Metametaphysics; Metaphysics of quantum mechanics;
Substratum and bundle theories of individuality; Metaphysical underdetermination

1. Introduction: Individuality in quantum mechanics

Let us assume, for the sake of argument, that it is reasonable to inquire about the individuality
profile of quantum entities. More specifically, let us assume that in an object-oriented ontology for
guantum mechanics, one could — or should — investigate whether such objects are individuals or
non-individuals in the metaphysical sense of this term (see French 2018; Krause & Arenhart 2018;
Arroyo & Arenhart 2024, for further distinctions). What can we say about that question, solely based
on quantum mechanics?

The answer is well-known, but it is a bit frustrating: nothing very definitive. According to a
well-established tradition in this debate, quantum particles may be understood as individuals, but
they may also be understood as non-individuals. That is, one may plausibly attach a metaphysics of
individuality to quantum objects, provided that such individuality is understood in terms of a
‘transcendental individuality’ (i.e. attributed through a haecceity or a bare particular), but not
through a bundle theory of individuality requiring a robust version of the Principle of Identity of
Indiscernibles (PIl), which is said to fail in quantum mechanics, given the indiscernibility of quantum
entities of the same kind (see Arenhart & Arroyo 2021 for the methodological discussion of
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connecting metaphysics with ontology and science). But quantum entities may also be seen as
non-individuals, that is, as particulars failing to satisfy a principle of individuality, in some sense. The
most famous incarnation of such a claim comes from the idea that quantum entities fail to enter into
the relation of numerical identity, which deprives them of individuality too (for this debate, see the
locus classicus French & Krause 2006, chap. 4, and also Arenhart 2017).

All of this is quite well established in the discussions about (non-)individuality in quantum mechanics.
The result is the widely known underdetermination of the metaphysics of individuality by the physics
of quantum mechanics. There is nothing in quantum mechanics suggesting that a ‘non-individuals
package’ is better than the ‘individuals package’ or vice-versa; if one is to break the
underdetermination, one has to appeal to extra-empirical factors such as continuity with classical
theories (for a metaphysics of individuals) or to a suspicious over the intelligibility of transcendental
principles of individuality (for a metaphysics of non-individuals; see Morganti 2015 for a general
discussion).

The upshot of this debate is: through considerations originating in quantum mechanics, one often
hears that bundle theories of individuality are not an option, but that still two major lines of
approach may be freely considered, i) different forms of transcendental individuality and ii) different
forms of non-individuality (see Arenhart 2017 for an overview of such options). This is, again, a
re-statement of metaphysical underdetermination.

In the past few years, Jiri Benovsky (2008, 2016) has advanced a very intriguing thesis that has gone
unnoticed by friends of the metaphysics of quantum mechanics: according to Benovsky, bundle
theory and bare particulars (which is used in this paper as a synonym of substratum) are
metaphysically equivalent. The sense in which such equivalence is argued for is based on the idea
that there is no situation that one of the theories may explain, that the other cannot explain, by very
similar lines of reasoning; also, there is no difficulty that one of the theories must face that is not also
equally trouble for the other theory. So, in a sense, they are in the position that they succeed in the
same places and fail in the same places alike.

All of that is in clear tension with the situation described in quantum mechanics, as mentioned
before. Quantum mechanics, it is said, distinguishes between bare particulars and bundle theory by
providing counterexamples to the latter and being wholly compatible with the former. What of
metaphysical equivalence? If those theories are equivalent, both should be accepted, or both should
be rejected, but they cannot really be distinguished by some situation. Surprisingly, the issue has not
been brought to light so far in connection with quantum mechanics. Obviously, if the bundle theory
is an option in quantum mechanics, along with bare particulars, then, the underdetermination just
increases.

In this paper, we shall highlight what is really at issue in this apparent conflict. Both theses have a
problem with standard quantum mechanics, we shall argue. On the one hand, the metaphysical
underdetermination camp has been too quick to accept that substrata are compatible with quantum
mechanics. As we shall claim, depending on the version of quantum theory adopted, bare particulars
may have to go too. Now, that does not constitute evidence for the equivalence thesis. As we shall
see, Benovsky’s claim is based on a non-standard version of the bundle theory which may indeed be
compatible with quantum mechanics, while his substratum theory is not. So, the equivalence thesis
will have to go, again, provided that some specific interpretations of quantum theory are adopted.
This, or so we shall argue, is particularly illuminating with regard to metametaphysical debates on the
relationship between science and metaphysics.



The paper is structured as follows. In section 2 we revise the basics of the theories of individuality to
be discussed in the paper. In section 3, we discuss the impact of quantum mechanics on some of
these theories by invoking arguments stemming from quantum foundations. This includes the
well-known failure of bundle theory due to the failure of the Pll under the Permutation Symmetry
principle, but also, we argue, the failure of substratum theories/bare particulars due to the quantum
metaphysical indeterminacy and wave function realism. In section 4 we clarify the equivalence thesis
by Benovsky. We indicate how the equivalence may be broken according to the discussion of section
3. We conclude in section 5 with some remarks on the methodology of metaphysics.

2. The basic concepts of individuality at play

For the purposes of our paper, a metaphysical theory of individuality has as its main goal determining
a principle of individuality, which, as Lowe (2003, p.75, original emphasis) says, is for an individual
“whatever it is that makes it the single object that it is — whatever it is that makes it one object,
distinct from others, and the very object that it is as opposed to any other thing”. That is, a principle
of individuality has an explanatory power; it has to explain in clear terms what makes one thing
exactly what it is and on what grounds the numerical difference of individuals is based. Notice that
the characterization says nothing about qualitatively distinguishing objects; as far as individuality is
concerned, a theory of individuality must account for the numerical difference of objects and for
what they are; if a theory of individuality also offers principled ways to distinguish entities, that is a
bonus (see Krause & Arenhart 2018, for the distinctions).

Here we shall be concerned with theories that attempt to define individuality in terms of more basic
ingredients (see also French & Krause 2006, chap. 1). In a sense, these theories are typically
understood as theories about the composition of particulars. The very idea of individuality is reduced
or explained in terms of the more basic entities that are allowed to constitute an individual. As
Demirli explains:

In answering the internal constitution question, we may begin an inquiry about the various
categories that go into the composition of individual substances and hope that at the end of
this inquiry we will come up with a list of ingredients that constitute various individuals. Just
as a certain recipe in a cook book provides us with a list of ingredients and instructions for
mixing these ingredients together, we may maintain that the list or the recipe of individual
substances — God’s recipe book, so to say — will tell us what items from various categories
are used, and how these items are combined. (Demirli 2010, p. 2)

So, what an individual is depends on the elements allowed to compose it. This composition will also
have to grant uniqueness for individuals and account for their numerical difference. The ingredients
involved need not be primitive, although they may be; in case they are not, then, they themselves
must be defined in terms of even more basic ingredients.

The traditional bare particular approach advances the two basic, metaphysically primitive,
ingredients for composing an individual: a primitive bare particular (which, as the name suggests, is a
particular, not repeatable, or instantiable) and the properties of such an individual at a given time
(properties are also to be taken as primitive ingredients here, for the sake of argument; we shall not
enter in the details of whether these properties are universals or tropes, or how identity over time is



to be treated). Socrates, for instance, is a kind of composition of a unique substratum, plus the
properties of Socrates:*

Socrates g = [Socrates’ substratum, P;, P,, ... P,]

According to this theory, the numerical distinction of any two individuals is grounded on the fact that
they have, as their components, distinct bare particulars; bare particulars are primitive posits of the
theory, their numerical difference being a basic datum, not explained in terms of anything else (see
also Benovsky 2016, chap. 1).

In the context of this theory, notice that numerically different individuals may share all of their
properties, without being the same; if such a case presents itself, the individuals involved are
qualitatively indiscernible but numerically different. A typical example would be Max Black’s famous
case of two absolutely indistinguishable spheres (Black 1952): Black has considered a thought
experiment, suggesting that there could be a world consisting only of two iron spheres, of identical
shape, mass, color, and so on. Nothing distinguishes the spheres, and they are still two. What
accounts for their numerical difference? ‘Bare particulars’ is one possible answer. Obviously, another
example would be quantum particles; as we mentioned, particles of the same kind, like electrons,
may share all of their properties, and still, not be the same (see French & Krause 2006, chap. 4). This
is a point we shall return to in the next section.?

Besides dealing with situations involving qualitatively indiscernible individuals, the theory of bare
particulars also has another relevant feature: it accounts easily for identity over time and for
qualitative change of individuals. Once the ground for individuality is the bare particular, an entity
may change some or all of its properties and still be the same individual due to the presence of the
bare particular. Sure, that change typically happens over time, and one has reasons to ensure that an
individual remains numerically the same, despite changing its qualities.

Of course, all of those benefits are reaped at a substantially high cost. The primitive bare particular
may raise many suspicions that it is just an ad hoc posit. Those not happy with such mysterious
entities may prefer some version of the bundle theory of individuality, which clearly presents a more
economic scenario. It defines individuals as the bundle determined by all the qualities the individual
has, and only those. So, Socrates would be just a package of Socrates’ properties.

Socratesgr) = [Py, Py, ..., Pyl

The bundle theory also requires another metaphysical posit, typically understood as a relation of
compresence; this is a relation keeping all of the properties of the bundle actually bundled together
(see Benovsky 2016, chap. 1). Still, each bundle has its own compresence relation. Notice that
according to this account, we are now discussing, the compresence relation is not counted as an
ingredient inside the bundle; it somehow stays at a second level, gluing the first-order properties of
the individual.

! We use ‘Socratesg,’ for the account of Socrates in the bare particular approach. Similarly,
Socratesg; denotes Socrates according to the bundle theory.

? For the sake of conceptual precision, it is important to note here that unlike classical objects, in
guantum mechanics the “joint determination” (Wolff 2015, p. 385) of incompatible properties —
such as position and momentum or spin along different axes — is unavailable. Therefore, even if
particles of the same kind share the same set of properties, they may not possess the same set of
actualized properties at a given time, contrary to the classical case. We thank an anonymous referee
for pointing this out.



In the context of the bundle theory, the explanation for the individuality of Socrates, what makes him
the one thing he is and different from every other object, will have to rely only on one category of
primitive ingredients, the constituting properties. As a result, it must be granted that no other entity
exists that is constituted by exactly the same properties of Socrates. This is achieved by requiring that
the individuals obey the famous Principle of the Identity of Indiscernibles (Pll):

Pll: If A and B share every property, then A = B.
Pll (contrapositive form): If A is numerically different from B, there is at least one property doing the
difference.

Again, notice that the properties involved in the formulation of the Pll are just those composing the
bundles, the relations of compresence not being invoked at any time for qualitative discernibility.
There are distinct versions of the PIl, depending on how one understands the properties allowed in
the scope of the quantifier (see French & Bigaj 2024 for the classification we are using):

PII1 — If A and B share every property and every relation, then A = B.
PII2 — If A and B share every property, except for spatio-temporal properties, then A = B.
PII3 — If A and B share every non-relational property, then A = B.

PII3 and PIlI2 are violated in classical mechanics already, given that classical particles may, at least in
principle, share all of their non-spatial properties. Given the traditional assumption of the
impenetrability of classical particles, PlI1 is saved. However, it is agreed by almost everyone that PII
fails — in its three versions — in quantum mechanics (see French & Krause 2006, chap. 4; French &
Bigaj 2024). Let us discuss this very quickly before dealing with the bare particulars.

3. Enter quantum mechanics

The root of the failure of different versions of Pll in quantum mechanics comes from the fact that the
latter obeys Permutation Symmetry: once a state for a collection of particles is available, the
probability of a result for a measurement of an observable on that state is the same as the
probability of a measurement of the same observable in the permuted state, where the latter is
obtained by permuting particle labels in the state description. As a result, no physical observable can
distinguish particles that were permuted; permutations are not observable, they engender no new
physical state (we are switching from particles’ descriptions to the particles themselves for the sake
of intuitive clarity; nothing of importance hang on this, for our purposes).

Consider, as an example, the entangled state for the two electrons, labeled 1 and 2, which may be
found either in Box A, or else in Box B. We may distribute one electron in each box (they cannot be
both in the same box, given the Pauli Exclusion Principle); the description for such a situation, using
Dirac notation (and omitting normalization factors, for simplicity) is:

|A>1| B>2 - |A>2| B>1-

After a permutation of labels (really, just swapping them), we have:

|A>2| B>1 - |A>1 | B)z;

which is the same as

=( |A>1| B>2 - |A>2| B>1);



that is the original state with a reversed sign. Given that probabilities are calculated by the Born rule,
the initial state and the permuted state originate the same probabilities. That makes any kind of
discernibility by property attribution impossible (see French & Krause 2006, chap. 4 for further
details).

More recently, inspired by the work of Saunders (2003) and later by developments of Muller &
Saunders (2008), weaker forms of the Pll have been defended in quantum mechanics (see Huggett &
Norton 2014 for an account). Relations like ‘x has opposite spin in a given direction to y’ are seen to
obey permutation symmetry (if x has spin opposite to y, then y also has spin opposite to x), but to be
irreflexive: as Saunders (2003, p. 294) already remarked, “[...] no particle can have opposite value of
S [spin] to itself”; so, if x and y are in this relation, they must not be numerically the same. That is
also said to grant a kind of discernibility by such symmetric and irreflexive relations to quantum
particles (the so-called weak discernibility). However, although it is clear that such weaker versions of
PIl can be granted in quantum mechanics, it is not obvious that they contribute to saving a form of PlI
that is usable to ground a version of bundle individuality, given that such relations cannot account for
what is expected when the problem of individuality is being discussed (see this line of criticism in
Lowe 2015). However one takes that issue, the fact is that the actually relevant forms of the principle
— relevant for the purposes of a theory of individuality as we have been considering it — fail in
standard quantum mechanics.®> More specifically, for the purpose of the present argument, Pll-based
versions of bundle theory fail in quantum mechanics due to the Permutation Symmetry principle.

Having rejected those forms of the bundle theory, one may now ask: What of bare particulars? Well,
one cannot just direct the same kind of argument against bare particulars. They were designed to
account for situations involving qualitative indiscernibility; as a result, they may survive the
indiscernibility tests by quantum mechanics. However, they cannot be seen as resisting all of the
oddities of quantum mechanics. Let us see why.

3.1. Quantum metaphysical indeterminacy

Let us assume, as we have been doing, that the reader is familiar with the Hilbert space formulation
of quantum mechanics. In such a formulation, pure physical states are represented by unitary vectors
and physical observables are represented by Hermitian operators. Each such operator gives rise to a
set of eigenvectors associated with the operator, and these are connected with their respective
eigenvalues, which are the possible results of a physical measurement. It is a simple fact of the
formalism that for each Hermitian operator O in a Hilbert space, one may find another such operator
Q such that O and Q do not share their set of eigenvectors. Well, the eigenvectors are the states in
which a system is when they certainly have the value of the property represented by its eigenvalue.
That means that no state can be an eigenstate of every observable.

This might be translated to the metaphysical vocabulary of ‘determinates’ and ‘determinables’, with
the assumption of the eigenstate—eigenvalue link (EEL), which is a fundamental principle of standard
guantum mechanics ever since the first formulations of the theory (for a survey on the history of the
EEL, see Gilton, 2016). It consists of the following assumption:

® As an anonymous referee pointed out, this does not mean, however, that the bundle theory of
individuality is entirely incompatible with quantum mechanics, as it can be maintained within, e.g.,
modal interpretations. We leave, however, considerations of that case and its implications for the
metaphysics of quantum mechanics for another occasion.



[EEL:] A system has a determinate value for a given determinable property if and only if its
state is an eigenstate of the operator corresponding to the property, and the determinate
value is the eigenvalue for that eigenstate. (Lewis 2016, p. 76)

While metaphysicians of science have traditionally turned their attention to no-go theorems for
guantum metaphysical indeterminacy (QMl), such as the Koshen—Specker theorem (see Darby 2010;
Skow 2010; Arenhart & Felippe Jr. 2020; Arroyo 2022), it has been recently argued that the EEL is the
most fundamental — and simpler — source of QMI (see, e.g., Calosi & Wilson 2021 and Fletcher &
Taylor 2021). We’ll hold on to that idea in this subsection’s case study.*

QM is often taken as a failure of the omnimode/complete determination principle (for a historical
consideration of this principle in the modern history of philosophy, see Mittelstaedt 1994, and
Lombardi & Dieks 2016). This principle is very dear to our intuitions based on classical physics. It says
that physical objects always have well-defined values (determinates) for all the properties
(determinables) they bear. Every object must possess a definite/determinate value for
properties/determinables such as mass, spatial location, size, and color. Under this view, for instance,
it wouldn't even make sense to claim that coffee mugs and cats have color without a specific value
for that property (say, orange). As far as we can tell, that’s how we perceive the world, and no one
would deny it in their most commonsensical days. Thus, intuition safely says that the same should
hold for quantum objects. As a matter of fact, however, it doesn’t.

Below we present a more general case, one in which EEL entails gappy QMI, that is, the kind of QMI
in which no determinate value is instantiated for the determinable/property. In our example, we
consider the position determinable/property. Take the simplest case in which a quantum object
described by the state |v) is described as a superposition of the property of being located at region 1
and being located at region 2, such that |y) = a|y,) + b|y,), being ‘@’ and ‘b’ arbitrary numerical
factors satisfying well-known restrictions. Think of, e.g., orthogonal paths in a Mach-Zehnder
interferometer or a double slit setup. It is well-known that, under such regular/textbook physical
circumstances the system |) displays the phenomenon of interference. And, as a consequence of
interference, it is plainly false to ascribe to the object a determinate value for the position
determinable, i.e., it is false to state that: i) it has the property of being located at region 1; ii) it has
the property of being located at region 2; iii) it has the property of being located at region 1 and the
property of being located at region 2; iv) it has neither the property of being located at region 1 nor
the property of being located at region 2. Under circumstances like this, it would be a category
mistake to ask for the position determinable (Albert 1992) which doesn’t have any determinate
instantiation — hence, a gappy QMI.”

So, a system that is not in an eigenstate of the position observable, does not have a well-determined
position, at least according to standard quantum mechanics. The previous observation, connected
with the EEL, indicates that no state is the state of a system actually having a well-determined value
for every possible property.

* As an anonymous referee rightly pointed out, it is crucial to note that indeterminacy can arise even
in interpretations of quantum mechanics that reject EEL (or at least modify the strict link with a
vague or fuzzy link, see Lewis 2016). This is ensured by contextuality, which might provide a more
direct grounding for QMI, as no-go theorems such as Kochen—Specker’s primarily ensure that the
indeterminacy in question is metaphysical rather than merely epistemic or semantic.

> Of course, this last claim is disputable, as there are authors who claim that the above example is a
case of glutty QMI, ie., QMI in which more than one determinate is instantiated for the
determinable. This is arguably a dissident voice. and this isn’t the appropriate venus for the ‘gappy
versus glutty’ debate. For a defence of the glutty account against the gappy hegemony, see Calosi &
Wilson (2021).



How does that impact the bare particular view? Well, bare particulars is a theory about concrete
particulars. The fact is that a bare particular, being that which ties all of the properties of a particular,
must always be located somewhere, and be in a specific position (even if unknown). The very idea of
concrete objects is notoriously difficult to present in completely clear terms, and it comes with
difficult questions concerning the nature of objects and the ‘abstract/concrete’ divide. All of those
difficulties notwithstanding, it remains as a basic datum for metaphysicians that concrete particulars
have space-time positions (see the general discussion in Retler & Bailey 2024).

Consider now our electron in a superposition of location between Boxes A and B, of the previous
example. By the EEL, it is not in A, and also not in B. It is also not in both, and not in any other place.
But then, the particle is nowhere to be found, and if that is also the case for the bare particular, what
happens to the function that the bare particular should be doing, of instantiating the properties of
the particle? Because, surely, the particle may not have a well-defined position, but it still has a
well-defined mass, a well-defined electric charge, and so on, for all state independent properties, at
least. How are those properties to be held together by the bare particular, if the bare particular is not
in any place? A key question arises here: why is location in space considered a somehow privileged
determinable for the bare particular’s function? The answer is related to the theoretical role that the
postulation of bare particulars is expected to play. While properties like mass and charge remain
definite, the traditional expectation for a concrete bare particular is to anchor these properties in a
specific spatial location, contributing to the unity of the object in a specific place and enabling it also
to play the expected role in continuous identity through spacetime. The absence of a determinate
position thus undermines a fundamental aspect of the bare particular’s conceptual work, unlike the
determinacy of other properties.

Also, a bare particular must persist through time, if it is to account for identity over time. But if the
state of a system may evolve to a situation where the state describing it is a superposition of distinct
locations, how can we account for the continuous trajectory of the particle? There is no way the bare
particular can keep doing that theoretical work in quantum mechanics, provided we assume the EEL.
As a result, there is a sense in which standard quantum mechanics with the EEL seems to be
incompatible with the bare particulars.

But that is not the end of that metaphysical theory. As it is well known, not every
formulation/interpretation of quantum mechanics accepts the EEL. While this doesn’t exhausts all
possibilities, let us briefly mention two cases in which QMI might be absent, the Bohmian mechanics
and Everettian quantum mechanics (for a case in which versions of the GRW quantum mechanics
being also free of QMI, see Calosi & Mariani 2021, pp. 6-7).

Bohmian mechanics introduces position as a hidden variable, so that a system is always in a given
position, without it being the case that it has to be in a position eigenstate. In this sense, bare
particulars could still be accepted if we change part of the formalism of quantum mechanics and
reject the EEL. Bohmian mechanics is a typical go-to when eliminating QMI (see Skow 2010; Glick
2017; Chen 2022, but compare with Oldofredi 2024 for a dissident view), and it is fairly easy to see
why such is a natural choice. After all, Bohmian mechanics modifies the EEL (see Lewis 2016, chap. 4)
to make sure that particles always have definite positions. The question of whether we can find out
about such determinates is a separate matter, as their initial conditions are fundamentally
inaccessible to us (the so-called ‘hidden variables’). So bare particulars could, at least in principle,
survive as a lively metaphysical option for versions of Bohmian mechanics in which QMI doesn’t hold
(see also Pylkkdnen, Hiley & Pattiniemi 2015).



The same holds for (some versions of) Everettian quantum mechanics. As Wilson (2020, p. 77) has it,
here the strategy is to “replace indeterminacy with multiplicity”. In Everettian quantum mechanics,
everything that could happen indeed happens in some Everettian world somewhere in the Everettian
multiverse, and each Everettian world is maximally complete in the omnimode determination sense.
To achieve that, this strategy also modifies the EEL (see, again, Lewis 2016, chap. 4) to make sure that
particles always have definite positions in each given Everettian world, hence there’s arguably no
QM (but compare with Calosi & Wilson 2022, for an argument for the presence of QMI in Everettian
qguantum mechanics). That said, Everettian quantum mechanics might also be hospitable to (some
form of) bare particulars (see also Conroy 2015).

3.2. Wavefunction realism

Wavefunction realism could potentially present a significant challenge to substratum theories.
Wavefunctions are the kind of entity that is present in pretty much every ‘realist’ or ‘ontic’ version of
guantum mechanics; for that reason, it has been claimed that one should naturally acquire
ontological commitments towards it, as it would be an ‘indispensable entity’ for quantum mechanics
(see Ney, 2012, 2021 for the full argument). Wavefunction realists are those who subscribe to that
idea.

It has been argued by French (2013) that wavefunctions should not be understood within the
ontological type of ‘objects’ (see Arroyo & Arenhart 2024, for the distinction between ontological
types and ontological catalog). Wavefunction realism, instead, would be better suited for a
metaphysical framework that aligns with an ontology of waves rather than discrete entities. If
wavefunctions were to be considered objects, according to Brading & Skiles (2012) it would be
mandatory to question what is their metaphysical profile of individuality. Yet, this issue seems absent
from discussions of wavefunction realism. This might suggest that wavefunctions, whatever they
might be, simply are not objects. Thus substratum theories, which rely on the ontological type of
‘objects’, may not be even applicable in this context.

However, Albert’s (2013, 2023) version of wavefunction realism explicitly treats the wavefunction as
a physical object, complicating the issue. Albert’s approach involves distinguishing two kinds of
spaces and relying on the fundamental-emergent duality to explain the nature of wavefunctions.
Wavefunctions would inhabit a high-dimensional space (3N dimensions, where N is the number of
particles), which is fundamental, and the three-dimensional space that we experience would be at
best “emergent” (Albert 2023, p. 6) and at worst “flatly illusory” (Albert 1996, p. 277). This raises
further concerns about how substratum theories could operate within such a high-dimensionality
framework, especially given that the substratum, if applicable, would need to exist in a space distinct
from ordinary three-dimensional physical reality. Wavefunctions, however, would exist in a
high-dimensional space. The difficulty in conceptualizing the individuality of wavefunctions under
this interpretation suggests that wavefunction realism, at least in Albert’s formulation, may require a
revision of traditional metaphysical assumptions regarding objects and their individuation.

These two issues point to a broader consideration: is an individuality profile a necessary condition for
something to be classified as an object within a type-ontology framework? It doesn’t seem so. If the
wavefunction is an entity that does not require such a profile for its intelligibility, this challenges the
assumption that individuation is always a prerequisite for objecthood. In fact, imposing such a
criterion might obscure rather than clarify the nature of the wavefunction. Consequently, the
presumption that a substratum is always available for any given physical object may be undermined
by wavefunction realism.



4. Metaphysical equivalence

So, it seems that in standard quantum mechanics, where the eigenstate—eigenvalue link is adopted,
bundle theories and bare particulars suffer the same fate. That does not apply to haecceities, and
also not to non-individuals (although these views also are not devoid of their own difficulties; again,
see Arenhart 2023). So, would both theories, bundles and bare particulars, have some kind of
equivalence restored? Not so obviously. As we have seen, they fail in different aspects of the theory,
and this somehow prevents their equivalence. But there is more. We have been treating the idea of
metaphysical equivalence in very intuitive terms. Let us discuss that idea in more detail first.

Benovsky’s claim of metaphysical equivalence between the theories of bundle and bare particulars
relies heavily on his notion of metaphysical equivalence. In a nutshell, equivalence here is intended to
mean that the theoretical posits of both theories do the same kind of explanatory work. Same kind
of successful explanations, and also the same kind of explanatory difficulties. This is a kind of
functional approach to the identity of the primitive posits in metaphysical theories.

By its very nature, a primitive being primitive, it is non-analysible and we are not really given
any information concerning its nature; we are told what it does rather than what it is. So, it is
what it does that counts — after all, that’s what any primitive is introduced for in a theory in
the first place (otherwise there would be little justification for having it). Thus, primitives are
individuated by what they do, what their functional role in a theory is, and, as a
consequence, two primitives that do the same job just turn out to be equivalent for all
theoretical purposes and metaphysically equivalent as well: they just are one and the same
thing referred to in two different ways. (Benovsky 2016, p. 63, original emphasis)

The idea is that the distinct theories must perform identically when confronted with the same
problems; otherwise, they do things differently and are no longer the same.® It is not enough that
both bundle theories and bare particulars fail in quantum mechanics, they have to do so in the same
kind of problem, to have the same kind of explanatory troubles. As we have seen, however, bundle
theory fails to face the indistinguishability delivered by permutation symmetry, while bare particulars
fail in front of the fact that position is not always well defined for quantum particles.

But that is actually not a problem for Benovsky’s discussion. In fact, he acknowledges that the Pll is
not necessary for a bundle theory of individuality. Considering the case of Black’s spheres, and the
idea that they are qualitatively indiscernible, Benovsky comments that the Pll is false:

But this principle is false, for it is quite possible there to be two numerically distinct objects
that have exactly the same properties (that are qualitative duplicates). The example of two
spheres exactly alike in all of their properties is possible. (Benovsky 2016, p. 12, original
emphasis)

Of course, as we mentioned, the bare particulars view survives the indiscernibility test; different
substrata do the job of granting individuality to the spheres. However, as Benovsky notes, a similar
strategy is open for the bundle theorist. Remember that distinct bundles are associated with distinct

® Here, we alternate between ‘equivalent sets of primitives’ and ‘equivalent metaphysical theories’ as
synonymous expressions. This is allowed by Benovsky’s characterization of the primitives in terms of
their functional roles in the theories they are primitives of, and, of course, because, once one agrees
that there is nothing more to the primitives except their behavior, then theories having equivalent
sets of primitives are also equivalent (that is, they could not differ elsewhere).
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compresence relations. Why don’t we use such relations to account for what a bundle of properties
is, and to account for the numerical difference of two such bundles? Concerning the strategy of
appealing to the different bare particulars, he says that

[...] BTU [Bundle Theory with Universals] can use exactly the same strategy — remember
that here we have different compresence relations, one per object, and so two objects, even
qualitatively identical, will always be numerically distinct since the bundling relation that ties
together their properties will be a different universal — exactly as in the case of STU
[Substratum Theory with Universals] it will be a numerically different substratum. But then,
as a tu quoque, one can ask: In virtue of what is a given compresence relation numerically
distinct from another compresence relation? And there is no better answer to this question
than to the same question about distinct substrata, the only option is primitive distinctness.
(Benovsky 2016, p. 13, original emphasis)

So, the fact is that Benovsky has a distinct, more liberal, theory of bundles in mind than the ones we
have been discussing here. While requiring a bundling relation is standard in bundle theories, what is
quite unusual in Benovsky’s approach is that he allows the bundling relations in each bundle to be a
different universal playing a role in making what the constituted individual is. Instead of composing
an individual only with its properties, Benovsky defines the individual in terms of its properties and its
compresence relation. So, Socrates would be:

Socrates = [Compresence relation of Socrates, P, P,, ..., P,]

Naturally, the compresence relation is not another ingredient among the properties of the individual,
so it cannot be used to qualitatively distinguish individuals (and neither can it be used to save PIl).
However, it can be used to numerically distinguish distinct individuals. Individuals are distinct
because they are tied differently, each one is tied by its respective compresence relation (for an
earlier proposal along similar lines, see Rodriguez-Pereyra 2004; see Arenhart 2017 for a use of this
theory in quantum mechanics).

In this new bundle theory, distinct bundles may instantiate the same qualities, because what makes
them different is their compresence relation. As Benovsky remarked, this allows this bundle theory
to face cases of qualitative indiscernibility just like the bare particulars. But is it now prey to the same
kind of localization problem that affected the bare particular theory? Clearly not. A relation may be
instantiated without having a specific location for it to be instantiated, as a kind of particular. It just
happens to be there connecting the properties a particle happens to be instantiated in a particular
moment, even if none of those properties is the particle’s location. Consider the relation ‘being a
father of’. It is not in any specific place. The relata may change their positions, and still, the relation
holds. Something similar holds for ‘having spin opposite to’ and other relations holding between
quanta. So, a compresence relation may clearly be instantiated without it being in any particular
position.

Now, that just grants that the new version of bundle theory is, at least prima facie, one available
option for the individuality of quantum particles, while the substratum is available only for some
interpretations breaking the EEL. That clearly distinguishes them, as theories of individuality. The fact
is that, in Benovsky’s terms, they do things in different ways. A bare particular must be located
somewhere, while a compresence relation does not. That is also why one fails in standard quantum
mechanics, and the other, at least at first sight, does not.
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5. Conclusion

Let us pack things up. We have seen that according to the discussion connected to the problem of
metaphysical underdetermination, the consensus is that bundle theory fails in quantum mechanics,
while the substratum theory is wholly compatible with the theory. We have argued that both
theories fail in standard quantum mechanics — it’s important to emphasize that their failure is not
absolute across all interpretations, but rather they cannot be implemented in every interpretational
framework of quantum mechanics. A substratum, being a concrete particular, must always be
occupying a particular position, something that orthodox quantum theory does not agree with.
Certainly, one may achieve precisely this in different versions of quantum theory, like Bohmian or
Everettian quantum mechanics. But that just indicates that the metaphysical view on individuality in
this case is sensitive to the formulation of the theory. Substrata are not acceptable in quantum
mechanics without further qualifications.

Furthermore, we have seen that a revised version of bundle theory is compatible with indiscernible
entities. This makes room for a version of bundle theory independent of the PIl and immune to its
failure in quantum mechanics, but not for any other version of the substratum theory. That makes
the bundle theory and the substratum theory inequivalent in quantum mechanics, in a quite strong
sense: one of the theories fails (substratum), while the other is compatible with quantum mechanics
(bundle). So, the equivalence of the theories breaks when certain versions of quantum mechanics
are allowed. The theories are not on par.

What can we learn, as a moral, from all of this? One of the important things is that science, as
already emphasized in the literature, may be used as a test field for metaphysical doctrines (Arenhart
2012, Morganti & Tahko 2017, Arenhart & Arroyo 2021a,b,c). Even if those scientific theories used to
test metaphysics are not the final ones, and are not actually true, they are clearly delimiting the
space of possibilities for the application of metaphysical doctrines, restricting such space for some
metaphysical theories. Now, Benovsky dismisses conflicts between science and metaphysics as not so
important for the epistemology of metaphysics:

[...] although it seems a reasonable and highly desirable thing to avoid contradictions with
physics in order to gain support from it and to include metaphysics in a wider network of
scientific research, the criterion seems to be a non-obligatory one, and one where we must
proceed with care. (Benovsky 2016, p. 82)

He claims that precisely because we still do not have the final physics, because it seems that physics
and metaphysics may be dealing with different kinds of objects, and because he does not see so far
any conflict between the theories of metaphysics and the theories of physics. However, as we have
discussed, a theory of individuality must account for the individuality of quantum entities too if they
are thought of as individual objects, and some of these theories do indeed fail in some cases,
conflicting with physics. So compatibility with physics may not bring any metaphysical theory to an
open victory, given underdetermination and the provisional character of physics, but it may bring a
metaphysical theory to being completely ruled out, due to incompatibility (see also McKenzie 2020,
and Arroyo & Arenhart 2022 for more trouble for metaphysics in this connection).

Obviously, this kind of claim can only be achieved once the details of the connection between
science and metaphysics are appropriately spelled out. It is easy to be led to believe that any physical
object in quantum mechanics will just behave as any other object in our surroundings. But that is
clearly not so. Not every metaphysical generalization will survive close scrutiny when taken to the
quantum level. This connects with current complaints about the frailty of metaphysical theories
detached from science, which forget to take into account the wide variance of the behavior of reality
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in different scales, including the quantum scale (see Humphreys 2013, sect. 5). Intuitive theories,
those based on the behavior of normal-sized bodies, do not generalize obviously to the new scales
with widely diverging behavior that are being discovered after the scientific revolution. We may not
know how to extract metaphysical theories from our best current physics, so we may be far from
knowing which metaphysical theory is true, if any. By connecting such theories with science,
however, we may get to know which ones get rejected by our best current theories. As we have been
suggesting elsewhere by means of a ‘meta-Popperian’ methodology in metametaphysics (Arenhart,
2012; Arenhart & Arroyo, 2021a,b,c, Arroyo & Arenhart, 2022b), this might be as far as we can go.

Acknowledgements

Order of authorship does not represent priority, both authors contributed equally to this work.
Earlier versions of this work were presented at the 1st encounter of the Philosophy of Physical
Sciences Working Group and at the ‘Workshop: Philosophy of Quantum Mechanics’ held at the 14th
Principia International Symposium. We thank especially the two anonymous referees of this journal,
Décio Krause, Olimpia Lombardi, Otavio Bueno, and Leonardo Videira for their valuable input.

Funding

Raoni Arroyo was supported by grants #315067/2025-0 and #446478/2024-5, National Council for
Scientific and Technological Development (CNPq). Earlier versions of this article were developed
during his postdoctoral research conducted at the Centre for Logic, Epistemology and the History of
Science (CLE), University of Campinas (UNICAMP), Campinas, Brazil, supported by grant
#2021/11381-1, Sio Paulo Research Foundation (FAPESP). Jonas Arenhart received partial support
from the National Council for Scientific and Technological Development (CNPq).

References
Albert, D. Z. (1992). Quantum Mechanics and Experience. Harvard University Press.
Albert, D. Z. (1996). Elementary Quantum Metaphysics. In: Cushing, J.T., Fine, A., Goldstein, S. (eds)

Bohmian Mechanics and Quantum Theory: An Appraisal. Boston Studies in the Philosophy of Science,
vol 184. Springer. https://doi.org/10.1007/978-94-015-8715-0_19

Albert, D. Z. (2013). Wave function realism. In A. Ney & D. Z. Albert (Eds.), The wave function: Essays
on the metaphysics of quantum mechanics (pp. 52-57). Oxford University Press.
https://doi.org/10.1093/acprof:0s0/9780199790807.003.0001

Albert, D. Z. (2023). A Guess at the Riddle: Essays on the Physical Underpinnings of Quantum
Mechanics. Harvard University Press.

Arenhart, J. R. B. (2012). Ontological frameworks for scientific theories. Foundations of Science, 17,
339-356. https://doi.org/10.1007/s10699-012-9288-5

Arenhart, J. R. B. (2017). The received view on quantum non-individuality: Formal and metaphysical
analysis. Synthese, 194, 1323-1347. https://doi.org/10.1007/s11229-015-0997-5

Arenhart, J. R. B. (2023). Non-reflexive logics and their metaphysics: A critical appraisal. In C. Soto
(Ed.), Current Debates in Philosophy of Science: In Honor of Roberto Torretti (pp. 367—389). Springer.
https://doi.org/10.1007/978-3-031-32375-1_14

13


https://doi.org/10.1007/978-94-015-8715-0_19
https://doi.org/10.1093/acprof:oso/9780199790807.003.0001
https://doi.org/10.1007/s10699-012-9288-5
https://doi.org/10.1007/s11229-015-0997-5
https://doi.org/10.1007/978-3-031-32375-1_14

Arenhart, J. R. B., & Arroyo, R. (2021a). On physics, metaphysics and metametaphysics.
Metaphilosophy 52(2), pp. 172-195. https://doi.org/10.1111/meta.12486

Arenhart, J. R. B., & Arroyo, R. (2021b). Back to the question of ontology (and metaphysics).
Manuscrito, 44, 1-51. https://doi.org/10.1590/0100-6045.2021.V44N2.JR

Arenhart, J. R. B., & Arroyo, R. (2021b). The spectrum of metametaphysics: mapping the state of art
in scientific metaphysics. Veritas 66(1), e41217. https://doi.org/10.15448/1984-6746.2021.1.41217

Arenhart, J. R. B., & Felippe Jr., H. (2020). The fate of bundle and substratum theories under KS
theorem. In J. A. de Barros & D. Krause (Eds.), A true polymath: A tribute to Francisco Antonio Doria
(Vol. 1, pp. 1-22). College Publications.

Arroyo, R. (2022). The Kochen-Specker theorem and ontological (in)completeness of quantum
objects. CLE e-prints, 20(1).
https://www.cle.unicamp.br/eprints/index.php/CLE e-Prints/article/view/1583

Arroyo, R., & Arenhart, J. R. B. (2022a). The epistemic value of metaphysics. Synthese, 200(337),
1-22. https://doi.org/10.1007/s11229-022-03833-5

Arroyo, R., & Arenhart, J. R. B. (2022b). A (meta)metafisica da ciéncia: o caso da mecanica quantica
ndo relativista. Kriterion 63(152). h : i.org/10.1 100-512X2022n15201rw.

Arroyo, R., & Arenhart, J. R. B. (2024). Quantum ontology de-naturalized: What we can’t learn from
guantum mechanics. THEORIA. An International Journal for Theory, History and Foundations of
Science, 39(2), 193—-218. https://doi.org/10.1387/theoria.24955

Benovsky, J. (2008). The bundle theory and the substratum theory: deadly enemies or twin
brothers?. Philosophical Studies, 141, 175-190. https://doi.org/10.1007/s11098-007-9158-0

Benovsky, J. (2016). Meta-metaphysics: On Metaphysical Equivalence, Primitiveness, and Theory
Choice. Cham: Springer. https://doi.org/10.1007/978-3-319-25334-3

Black, M. (1952). The identity of indiscernibles. Mind, 61(242), 153-164.
https://doi.org/10.1093/mind/Ixi.242.153

Brading, K., & Skiles, A. (2012). Underdetermination as a path to structural realism. In E. Landry & D.
Rickles (Eds.), Structural realism: Structure, object, and causality (pp. 99-115). Springer.
https://doi.org/10.1007/978-94-007-2579-9 5

Calosi, C., & Mariani, C. (2021). Quantum indeterminacy. Philosophy Compass 16(4), e12731.
https://doi.org/10.1111/phc3.12731

Calosi, C., & Wilson, J. (2019). Quantum metaphysical indeterminacy. Philosophical Studies, 176,
2599-2627. https://doi.org/10.1007/s11098-018-1143-2

Calosi, C., & Wilson, J. (2022). Metaphysical Indeterminacy in the Multiverse. In: Allori, V. (Ed.)

Quantum Mechanics and Fundamentality: Naturalizing Quantum Theory between Scientific Realism
and Ontological Indeterminacy. Springer. https://doi.org/10.1007/978-3-030-99642-0 25

14


https://doi.org/10.1111/meta.12486
https://doi.org/10.1590/0100-6045.2021.V44N2.JR
https://doi.org/10.15448/1984-6746.2021.1.41217
https://www.cle.unicamp.br/eprints/index.php/CLE_e-Prints/article/view/1583
https://doi.org/10.1007/s11229-022-03833-5
https://doi.org/10.1590/0100-512X2022n15201rwa
https://doi.org/10.1387/theoria.24955
https://doi.org/10.1007/978-3-319-25334-3
https://doi.org/10.1093/mind/lxi.242.153
https://doi.org/10.1007/978-94-007-2579-9_5
https://doi.org/10.1111/phc3.12731
https://doi.org/10.1007/s11098-018-1143-2
https://doi.org/10.1007/978-3-030-99642-0_25

Chen, E. (2022). Fundamental nomic vagueness. Philosophical Review, 131(1), 1-49.
https://doi.org/10.1215/00318108-9415127

Conroy, C. (2015). Branch-relative identity. In A. Guay & T. Pradeu (Eds.), Individuals across the
sciences (pp. 250-270). Oxford University Press.
https://doi.org/10.1093/acprof:0s0/9780199382514.003.0014

Darby, G. (2009). Quantum Mechanics and Metaphysical Indeterminacy. Australasian Journal of
Philosophy, 88(2), 227-245. https://doi.org/10.1080/00048400903097786

Demirli, S. (2010). Indiscernibility and bundles in a structure. Philosophical Studies, 151, 1-18.
https://doi.org/10.1007/s11098-009-9420-8

Fletcher, S. C., & Taylor, D. E. (2021). Quantum indeterminacy and the eigenstate-eigenvalue link.
Synthese, 199. https://doi.org/10.1007/s11229-021-03285-3

French, S. (2018). Realism and metaphysics. In J. Saatsi (Ed.), The Routledge handbook of scientific
realism (pp. 394—-406). Routledge.

French, S., & Bigaj, T. (2024). Identity and individuality in quantum theory. In E. N. Zalta & U.
Nodelman (Eds.), The Stanford Encyclopedia of Philosophy (Spring 2024 Edition).
h ://pl nfor rchiv r2024/entri -idin

French, S., & Krause, D. (2006). Identity in physics: A historical, philosophical, and formal analysis.
Oxford University Press. https://doi.org/10.1093/0199278245.001.0001

Gilton, M. J. R. (2016). Whence the eigenstate—eigenvalue link? Studies in History and Philosophy of
Science Part B: Studies in History and Philosophy of Modern Physics, 55, 92-100.
https://doi.org/10.1016/j.shpsb.2016.08.005

Glick, D. (2017). Against quantum indeterminacy. Thought: A Journal of Philosophy, 6(3), 204-213.
https://doi.org/10.1002/tht3.250

Huggett, N., & Norton, J. (2014). Weak discernibility for quanta, the right way. British Journal for the
Philosophy of Science, 65, 39-48. https://doi.org/10.1093/bjps/axs038

Humphreys, P. (2013). Scientific ontology and speculative ontology. In D. Ross, J. Ladyman, & H.
Kincaid (Eds.),  Scientific  metaphysics  (pp. 51-78). Oxford  University  Press.
https://doi.org/10.1093/acprof:0s0/9780199696499.003.0003

Krause, D., & Arenhart, J. R. B. (2018). Quantum non-individuality: Background concepts and
possibilities. In S. Wuppuluri & F. A. Doria (Eds.), The map and the territory: Exploring the foundations
of science, thought and reality (pp. 281-305). Springer.
https://doi.org/10.1007/978-3-319-72478-2 15

Lewis, P. J. (2016). Quantum ontology: A guide to the metaphysics of quantum mechanics. Oxford
University Press. https://doi.org/10.1093/acprof:0s0/9780190469825.001.0001

Lowe, E. J. (2003). Individuation. In M. J. Loux & D. W. Zimmerman (Eds.), The Oxford Handbook of

Metaphysics (pp. 75-95). Oxford University Press.
https://doi.org/10.1093/oxfordhb/9780199284221.003.0004

15


https://doi.org/10.1215/00318108-9415127
https://doi.org/10.1093/acprof:oso/9780199382514.003.0014
https://doi.org/10.1080/00048400903097786
https://doi.org/10.1007/s11098-009-9420-8
https://doi.org/10.1007/s11229-021-03285-3
https://plato.stanford.edu/archives/spr2024/entries/qt-idind/
https://doi.org/10.1093/0199278245.001.0001
https://doi.org/10.1016/j.shpsb.2016.08.005
https://doi.org/10.1002/tht3.250
https://doi.org/10.1093/bjps/axs038
https://doi.org/10.1093/acprof:oso/9780199696499.003.0003
https://doi.org/10.1007/978-3-319-72478-2_15
https://doi.org/10.1093/acprof:oso/9780190469825.001.0001
https://doi.org/10.1093/oxfordhb/9780199284221.003.0004

Lowe, E. J. (2015). Non-individuals. In A. Guay & T. Pradeu (Eds.), Individuals across the sciences (pp.
49-60). Oxford University Press. https://doi.org/10.1093/acprof:0s0/9780199382514.003.0004

McKenzie, K. (2020). A Curse on Both Houses: Naturalistic versus A Priori Metaphysics and the
Problem of Progress. Res Philosophica, 97(1), 1-29. https://doi.org/10.11612/resphil.1868

Mittelstaedt, P. (1994). The Constitution of Objects in Kant’s Philosophy and in Modern Physics. In:
Parrini, P. (ed.) Kant and Contemporary Epistemology. Springer.
https://doi.org/10.1007/978-94-011-0834-8 7

Morganti, M. (2015) The metaphysics of individuality and the sciences. In: T. Pradeu & A. Guay (eds.)
Individuals across the sciences, pp.273-294. Oxford University Press.
https://doi.org/10.1093/acprof:0s0/9780199382514.003.0015

Morganti, M., & Tahko, T. (2017). Moderately naturalistic metaphysics. Synthese, 194(7), 2557—-2580.
https://doi.org/10.1007/s11229-016-1068-2

Muller, F. A., & Saunders, S. (2008). Discerning Fermions. The British Journal for the Philosophy of
Science 59(3) 499-548. https://doi.org/10.1093/bjps/axn027

Ney, A. (2012). Neo-positivist metaphysics.  Philosophical  Studies, 160, 53-78.
https://doi.org/10.1007/s11098-012-9912-9

Ney, A. (2021). The World in the Wave Function: A Metaphysics for Quantum Physics. Oxford
University Press. https://doi.org/10.1093/0s0/9780190097714.001.0001

Oldofredi, A. (2024). Unexpected quantum indeterminacy. European Journal for the Philosophy of
Science, 14(15). https://doi.org/10.1007/s13194-024-00574-9

Pylkkanen, P., Hiley, B. J., & Pattiniemi, I. (2015). Bohm’s approach and individuality. In A. Guay & T.
Pradeu (Eds.), Individuals across the sciences (pp. 226-249). Oxford University Press.
https://doi.org/10.1093/acprof:0s0/9780199382514.003.0013

Retler, B., & Bailey, A. M. (2024) Object. In. E. Zalta and U. Nodelman (eds.) The Stanford
Encyclopedia of Philosophy (Summer 2024 Edition).
https://plato.stanford.edu/archives/sum2024/entries/object

Rodriguez-Pereyra, G. (2004). The bundle theory is compatible with distinct but indiscernible
particulars. Analysis, 64(1), 72—81. https://doi.org/10.1093/analys/64.1.72

Saunders, S. (2003). Physics and Leibniz’s principles. In K. Brading & E. Castellani (Ed.), Symmetries in
Physics: Philosophical Reflections (pp. 289—-307). Cambridge University Press.

Skow, B. (2010). Deep Metaphysical Indeterminacy. The Philosophical Quarterly, 60(241), 851—-858.
https://doi.org/10.1111/j.1467-9213.2010.672.x

Wilson, A. (2020). The Nature of Contingency: Quantum Physics as Modal Realism. Oxford University
Press. https://doi.org/10.1093/0s0/9780198846215.001.0001

16


https://doi.org/10.1093/acprof:oso/9780199382514.003.0004
https://doi.org/10.11612/resphil.1868
https://doi.org/10.1007/978-94-011-0834-8_7
https://doi.org/10.1093/acprof:oso/9780199382514.003.0015
https://doi.org/10.1007/s11229-016-1068-2
https://doi.org/10.1093/bjps/axn027
https://doi.org/10.1007/s11098-012-9912-9
https://doi.org/10.1093/oso/9780190097714.001.0001
https://doi.org/10.1007/s13194-024-00574-9
https://doi.org/10.1093/acprof:oso/9780199382514.003.0013
https://plato.stanford.edu/archives/sum2024/entries/object/
https://doi.org/10.1093/analys/64.1.72
https://doi.org/10.1111/j.1467-9213.2010.672.x
https://doi.org/10.1093/oso/9780198846215.001.0001

Wolff, J. (2015). Spin as a Determinable. Topoi, 34, 379-386.
https://doi.org/10.1007/s11245-015-9319-2

17


https://doi.org/10.1007/s11245-015-9319-2

	Two quantum-mechanical arguments against the metaphysical equivalence between substratum and bundle theories of individuality 
	1. Introduction: Individuality in quantum mechanics 
	2. The basic concepts of individuality at play 
	3. Enter quantum mechanics 
	3.1. Quantum metaphysical indeterminacy 
	3.2. Wavefunction realism 

	 
	4. Metaphysical equivalence 
	5. Conclusion 
	References 

