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ABSTRACT: Philosophers of science commonly connect ontology and science, stating that these disciplines main-
tain a two-way relationship: on the one hand, we can extract ontology from scientific theories; on the other hand, on-
tology provides the realistic content of our scientific theories. In this article, we will critically examine the process of
naturalizing ontology, i.e., confining the work of ontologists merely to the task of pointing out which entities certain
theories commit themselves to. We will use non-relativistic quantum mechanics as a case study. We begin by distin-
guishing two roles for ontology: the first would be characterized by cataloging existing entities according to quantum
mechanics; the second would be characterized by establishing more general ontological categories in which existing
entities must be classified. We argue that only the first step is available for a naturalistic approach; the second step not
being open for determination or anchoring in science. Finally, we also argue that metaphysics is still a step beyond on-
tology, not contained in either of the two tasks of ontology, being thus even farther from science.
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RESUMEN: Los fildsofos de la ciencia suelen conectar ontologia y ciencia, afirmando que estas dos disciplinas man-
tienen una relacion en dos direcciones: por un lado, podemos extraer ontologia de las teorias cientificas; por otro lado,
la ontologia proporciona el contenido realista de nuestras teorias cientfficas. En este articulo examinamos criticamente
el proceso de naturalizar la ontologia, i.c. de confinar el trabajo de la ontologia meramente a la tarea de senalar con
qué entidades se comprometen ciertas teorias. Usaremos la mecinica cudntica no relativista como un caso de estudio.
Comenzamos distinguiendo dos funciones de la ontologia. La primera consistiria en catalogar entidades existentes de
acuerdo con la mecinica cudntica. La segunda consistivia en establecer categorias ontoldgicas mds generales, en las que
las entidades existentes deben clasificarse. Argumentamos que el enfoque naturalista solamente puede ocuparse de la
primera funcion; la segunda funcion no estiabierta a ser determinada por o anclada en la ciencia. Finalmente, argu-
mentamos que la metafisica se sitiia todavia un paso mds alld de la ontologia, y no queda contenida por ninguna de las
dos fiunciones de la ontologia, por lo que se halla atin mds distante de la ciencia.
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“What we call science has the sole
purpose of determining what is.”

Einstein (1987)

1. Introduction

After Quine, it seems commonplace to say that ontology deals with existence questions.
Philosophers of science commonly connect ontology and science by stating that the disci-
plines maintain a two-way relationship: on the one hand, we can read off at least some of
the existential commitments of our best scientific theories; on the other, advancing an on-
tology gives realistic content to a scientific theory, i.e., it says what the theory in question is
about, whether observable or not. The project for naturalizing ontology maintains, roughly
speaking, that science should guide ontology, thus mainly confining the work of ontolo-
gists to the task of exhibiting a catalog of entities that exist according to our best theories.
In this paper, we present what is involved in this kind of project and evaluate its scope and
some of its limits.

We are taking seriously the idea that our best science does provide for a furniture of
the world. This characterization seems so minimal, that realists and empiricists agree on it.
Think of van Fraassen’s (1991, p. 242) “question of interpretation”, and Ruetsche’s (2015,
p- 3433) “realist content”, viz., “[...] an account of what the worlds possible according to [a
given scientific theory] are like”. A peaceful point in this discussion is that a scientific the-
ory has an unobservable ontology (interpreted literally). Apart from instrumentalists, who
are out of our scope here, no one denies that there has to be an ontology. The problem is
how to obtain it, and what should one do with it, once obtained; i.e. should one adopt a re-
alist stance? Or better be an empiricist/agnostic about unobservable entities in the furni-
ture? Although this is one of the greatest problems in the philosophy of science, nothing of
what follows for the major points of this paper hangs on the latter kind of problem.!

From here, then, we seem to have at least two options: either conceive that the ontol-
ogy comes with the theory, or else that it comes from an interpretative addition to the the-
ory. That is the problem of furnishing identity conditions for theories and for interpre-
tations; it is a huge topic, and cannot be dealt with here.? In any of these cases, quantum

! It should be clear that empiricists in general don’t deny that the theory makes ontological/existential

postulates. This is denied by instrumentalists. What is denied by empiricists is that we should be comz-
mitted to such posits. The empiricist stance is characterized, among other things, by resisting “[...] the
temptation to reify what is posited in one’s ontology” (Bueno, 2019, p. 8). The difference is not in
the language and in recognizing the posits of the theories, but in the type of commitments that are
adopted about them.

We will not discuss here whether the term “interpretation” is a good one for quantum foundations;
the interested reader may find helpful insights about such a debate in Maudlin (1995), Cirkovi¢
(2005), Ruetsche (2018) and Diirr and Lazarovici (2020). In the foregoing, we'll straightforwardly
call the solutions for the measurement problem interchangeably “quantum theories” and “quantum
interpretations”. Nothing that follows strictly depends upon such a distinction. The interested reader
might find a discussion on this topic in Arenhart and Arroyo (2023a).
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mechanics has an ontological content, and this is independent of having a realist or empiri-
cist stance (except an instrumentalist one, which is not in our scope). Science is expected to
tell us how the world is, or how the world could be. In both cases, ontology —in the sense
we are using this term here, i.e. as concerned exclusively with existence questions— does
come from science. Chakravartty makes this clear in the following.

In making the sorts of judgments that are required in order to bring experience to bear in
constructing scientific knowledge of the observable world —in distinguishing veridical from
non-veridical experience, in determining the quality of observations, and in describing and inter-
preting it all— it is inevitable that we classify that which is experienced (various objects, events,
processes, and properties) into categories for descriptive purposes. This all by itself is a banal
truth: it would be impossible to make any of the judgments just enumerated unless we are willing
and able to “carve” the world into observable categories of things such that we can communicate
with one another about these things and thereby coordinate scientific and other activity. In other
words, we must taxonomize the content of experience so that it may function as empirical evi-
dence and knowledge. (Chakravartty, 2017, p. 204)?

There is a huge amount of literature discussing the intimate relationships between ontol-
ogy and science.* This article focuses on the metaontological aspects of such a relation, but
our focus is not on theory choice in ontology. Rather, we investigate to what extent we can
“extract” ontological lessons from quantum mechanics; in particular, we focus on the very
idea that ontology can be naturalized. Is there a method for extracting ontology from sci-
ence? There is a tendency in the metaphysics of science that the only part of metaphysics
that matters is ontology, which is about what exists, and that only “naturalized” ontology,
that is, an ontology that is continuous with science (more precisely: extracted from science),
can have some epistemic and intellectual respectability (see Arroyo & Arenhart, 2022a; La-
dyman & Ross, 2007; Maddy, 2007; Maudlin, 2007).

The term “naturalism” is often poorly defined, as Bryant (2020) pointed out, with dif-
ferent authors making different uses of the term. For instance, we can find disagreement
between Ladyman and Ross” “metaphysics naturalized” (Ladyman & Ross, 2007) and the
Second Philosopher’s perspective (Maddy, 2007)—to mention two prominent “brands”
of “naturalized” or “scientific” metaphysics. According to Ladyman and Ross (2007), met-
aphysics should be continuous with fundamental physics, while Maddy (2007) holds that
physics has no privilege over other scientific disciplines (see the discussion in Maddy, 2022,
pp- 222-223 fn. 9). Thus, one finds the literature orbiting around the conzinuity between
metaphysics and science, and this notably can be itself spelled out in different —and in-
compatible— ways:

It is not uncommon to hear that continuity in this context is evidenced by the fact that nat-
uralized metaphysics is ‘derived from’, ‘based on’, or otherwise ‘inspired’ or ‘motivated” or ‘con-

3 Chakravartty’s article was originally written in English, but the original text wasn’t published. His arti-

cle was first published in Portuguese. One of us (Raoni Arroyo, together with Ivan F. da Cunha), how-
ever, has undertaken the translation into Portuguese, so we have access to the original English text.
The above passage, then, quotes the text as originally written but not as originally published.

* As non-exhaustive list, see Quine (1948), Carnap (1950), Maudlin (2007, 2019), Ruetsche (2015,
2018), Esfeld (2019), Diirr and Lazarovici (2020).
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strained by’ our best science, which thereby serves as the proper ‘ground’ for metaphysical theo-

rizing, (Chakravartty, 2013, pp. 40-41)

As each of these goals behind the notion of “continuity” isn’t equivalent, then one ought to
deliver different things depending on the goal. From here on, we’ll set the naturalist’s goal
as to the first one mentioned by Chakravartty (2013, p. 40), viz., that the goal of natural-
ized/scientific metaphysics is to derive the metaphysics from science. This is a fairly strict
sense of metaphysical naturalism; however, as we argued elsewhere (Arroyo & Arenhart,
2022a), the other goals mentioned by Chakravartty (2013, p. 40)—viz., to be “based on’,
or otherwise ‘inspired’ or ‘motivated’ or ‘constrained by’ our best science’—do not con-
fer any distinctively superior epistemic warrants to naturalized metaphysics in comparison
with analytic metaphysics. Here we argue that maybe the naturalized metaphysics qua met-
aphysics derived from science could have such a privileged fore in comparison with other
kinds of non-naturalistic metaphysics. As we understand, this radical sense of naturalized
metaphysics is the process of a “[...] mechanical extractions of (allegedly) metaphysical
claims from scientific theories” (Morganti, 2015, p. 59). So here is how we’ll understand
from now on what the aim of the project of naturalist metaphysics is:

In scientific metaphysics, it is not enough for a metaphysical proposition to be compatible
with current science. It must be endogenous to the empirical enterprise of a given science (gener-
ally physics), i.e., it must be derived from that science. (Guay & Pradeu, 2020, p. 1859)

In this paper, we argue that such a goal can only be achieved with a—rather limited—part
of ontology (which we don’t take itself to be distinctively metaphysics). So there’s this twist
which aligns us with both radical and moderate naturalists: with radical naturalists, we
agree that there’s a part of metaphysics that can be extracted/derived from science, namely,
part of the ontology; with moderate naturalists, we agree that distinctively metaphysical
questions are not subject to this process of extraction/derivation. In order to make this
point clearer, we structure the paper as follows. In section 2, where we narrow our scope to
the relation of ontology and quantum mechanics, we investigate the traditional approach
to the theory’s ontology through solutions to the measurement problem. We discuss how
quantum mechanics provides, at most, the catalog of the theory’s entities—its ontological
commitments—but does not say anything about the onzological types of such entities. We
will present the discussion of the “catalog” associated with interpretations of quantum me-
chanics as a showcase in section 3. In section 4, we distinguish between metaphysics, ontol-
ogy, and the two tasks of ontology, respectively: discussing the nature of entities; elucidat-
ing the catalog of what exists; and classifying that catalog into ontological categories. We
will not deal with metaphysical (qua metaphysics) questions. Section 5 concludes, taking
stock of what has been discussed.

2. The measurement problem
The measurement problem is one of the central issues of QM. There are indeed authors,
such as Gibbins (1987, p. 104), who consider the measurement problem to be zbe central

problem of QM. After all, one might ask why the philosophy of quantum mechanics is so
interested in it.
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We seem to have a problem with some basic assumptions made aboxs quantum me-
chanics. In the etymological sense of the term, it is a paradox, i.c., something beyond the
accepted opinion in general. It is basically a problem with premises that are considered rea-
sonable, which jointly lead to an unacceptable conclusion so that at least one of them must
be rejected. To show which are the assumptions whose conjunction is problematic, we will
follow Maudlin’s (1995) taxonomy, for it became the standard way of stating the measure-
ment problem in QM. Maudlin distinguishes three instances of the measurement problem;
for the purposes of this work, the first measurement problem is the relevant one, and it is
defined as the conjunction of three assumptions:

1.A The wave-function of a system is complete, i.e. the wave-function specifies (di-
rectly or indirectly) all of the physical properties of a system.

1.B The wave-function always evolves in accord with a linear dynamical equation (e.g.
the Schrédinger equation).

1.C Measurements of, e.g., the spin of an clectron always (or at least usually) have de-
terminate outcomes, i.c., at the end of the measurement the measuring device is
either in a state which indicates spin up (and not down) or spin down (and not

up). (Maudlin, 1995, p. 7)

Maudlin (1995, pp. 7-8) claims that the conjunction 1.A A 1.B A 1.C is one aspect of the
measurement problem, which he calls the “problem of outcomes”. Strictly speaking, Maud-
lin’s trilemma is not the most precise way of stating the measurement problem. Such a way
of enunciating the measurement problem, however, will suffice for the classification that
follows.”> In order to visualize it, consider Schrodinger’s cat “humane” scenario:® an ideal-
ized closed box containing a cat; a container of sleeping gas; a hammer; a radioactive mate-
rial (an « particle); a Geiger counter. As a property of the  particle in question, the chances
that the particle will decay are both 50% each. If it decays, then: the Geiger counter will de-
tect the 2 particle’s decay; the hammer will be activated and break the container of sleep-
ing gas, which will make the cat sleep. If the  particle does not decay, then none of this will
happen, and the cat will remain awake. At the end of one hour, something will happen to
the « particle, and both of the cases above are possible subsequent chains of events that fol-
low the state of the « particle.

A typical quantum-mechanical description of physical reality says that physical sys-
tems are described by states |y) in a Hilbert space H, whose evolution through time is de-
scribed by a Hamiltonian H in the Schrédinger equation. Let us assume that |y) is a quan-
tum-mechanical description for all that is going on in the box of Schrodinger’s cat. The
Hilbert space is factorized in subspaces for each component: the quantum system S, the
macroscopic measurement apparatus 4, and everything else in the environment £ in the

5> Notably, Maudlin (1995, p. 10) states that “[t]he three propositions in the problem of outcomes are
not, strictu sensu, incompatible” although he mentions their “inconsistency” throughout his paper.
This is why Muller (2023, p. 235) claims that Maudlin “buried” his problem of outcomes. A much more
precise account of this aspect of the measurement problem can be found in Muller (2023, pp. 230-
234), where it is called “Reality Problem of Measurement Outcomes”, and presented as a polylemma
instead of a trilemma, and a rigorous proof of inconsistency is offered.

The terminology is due to Putnam (2012), but the analogy that follows is borrowed from Carroll
(2019, pp. 256-260). It consists of replacing the flask of poison with a container of sleeping gas.
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form H = Hg® H , ® H,. After one hour, three stages of measurement take place. The
pre-measurement state is described as:

[¥) = a|+)+ b|-);®]0),®|0), (1)

the ready state described in the form of:

W> = ﬂ|+>s® |+>/1> + b(|_>s® |_>A) ® |0>F (2)

and finally the measurement state, described as:

) =a(l+)s@ 1), @+)) +b(-)s@l-),@-),) (3)

where: 2 and 4 are probability amplitudes; |+>s represents the « particle decaying; |-) s rep-
resents the « particle not decaying; |+) , represents the measurement apparatus register-ing
|+)¢ e.g the active hammer; |-) , represents the measurement apparatus registering |-),
e.g. the inactive hammer, and |0) , represents the measurement apparatus registering noth-
ing, e.g. the reset button; finally, |+), represents everything else interacting with S and 4,
e.g. you observing a sleeping cat for the case of |+),, you observing an awake cat for the case
of |-),, and you observing nothing for the case of [0), (the box was still closed). To simplify
the notation, we might say that the component |[+), ® [+) ® |+), is represented by |v,),
and the component |-),® |-) ® |-), is represented by |y,).

Regarding the informal proof of the inconsistency between assumptions 1.A, 1.B, and
1.C on Maudlin’s presentation of the measurement problem, Esfeld (2019, p. 223), states
that:

If the entire system is completely described by the wave function [1.A], and if the wave func-
tion always evolves according to the Schrédinger equation [1.B], then, due to the linearity of this
wave equation, superpositions and entangled states will, in general, be preserved. Consequently, a
measurement of the cat will, in general, not have a determinate outcome [1.C] [...]. (Esfeld, 2019,
p-223)

So one of the assumptions (1.A, 1.B, 1.C) must be dropped. Someone who answers “no”
to question 1.A implicitly says that something is escaping the description of the wave func-
tion: it does not, therefore, fully describe the physical states of the system in question. So
two systems described by the same wave function can be in two different physical states,
as there are more properties of the systems than the wave function describes (see Maud-
lin, 2011, p. 107). Solutions that maintain that the wave function is not complete postulate
hidden variables to supplement that wave function. Employing the taxonomy offered in
Arroyo and da Silva (2022), let us call them QM, . Examples of such interpretations are in-
terpretations of statistical ensembles (see Ballentine, 1970), “Bohmian mechanics” (Bohm,
1952; Goldstein, 2017), and the modal-Hamiltonian interpretation (Lombardi, 2019;
Lombardi & Castagnino, 2008), which denies the completeness of the quantum state al-
beit in a different way.
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Question 1.B concerns the evolution of the wave function over time. Responding neg-
atively to question 1.B implies adding a nonlinear dynamic law in the behavior of the wave
function. This additional dynamic law is called “collapse” or “reduction”. We will call
QM,, solutions of this type. According to a collapse-based quantum theory, the wave func-
tion is immediately transformed into one of the possible results in certain situations. The
“standard” interpretation following von Neumann (1932/1955) and the “spontancous re-
duction” theory (see Ghirardi, Rimini, & Weber, 1986, henceforth cited as “GRW”) are
among the examples of this type of solution (see also Jammer, 1974).

Finally, question 1.C concerns the results of the physical description through the wave
function. For anyone who claims that the wave function is complete and denies that there
are collapses, there is only one alternative: to deny that there are unique results for a meas-
urement. In such theories, measurements of a system in a superposition of other states, as
lv) =cly) + ¢ Wz) do not result in the system being definitively in just one of the states,
but somethmg beyond. An experiment starts with just one wave function (|y)) describ-
ing one system to be measured, but the measurement ends up describing two different sit-
uations: one resulting in |¢,) and another resulting in |y,). Solutions of this type are called
“relative state” or “branching-type”, or even “many-worlds”, and we will call them QM, ,
among which we can highlight the Everettian quantum mechanics (see Everett, 1957;
Wallace, 2012).

We organized the answers in the form of a diagonal in table 1, which gives us grounds
to entertain which interpretation follows by the negation of one of these three simple as-
sumptions.

Table 1. Interpretations: the ‘no” diagonal

1.A N Y Y

1.B Y N Y

1.C Y Y N
Q'Mhid QM(H[ QMbra

3. On what there is in QM

Formulated in the form of the above trilemma, the current state of the art in the founda-
tions of quantum mechanics has led us to QM, , QM _,and QM, as consistent solutions.
This, however, is not enough for many. That is, for those who wish to extract a coherent
image of the world according to quantum mechanics, one will have to investigate the ontol-
ogy of these theories (and what are one’s attitudes regarding such ontology, remember, will
depend on whether one is a realist or an empiricists). As simply stated by Diirr and Lazaro-
vici (2020, p. 2), “[t]he ontology of a physical theory specifies what the theory is about”.
One way to investigate this issue is to look for the theories’ ontological commitments 4 la
Quine (1951, p. 65), i.c., to check “[...] what, according to that theory, there is”. It is im-
portant to emphasize that Quine’s ontological commitment is fairly neutral with regard to

which ontology should be chosen:
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It does not dictate any ontology. Quine’s criterion is a metaontological tool, providing a strat-
cgy for determining what is assumed to exist by candidates for an overall best theory. Rather than
recommend some particular ontology, it is designed to compare and adjudicate between rival the-
ories. (Janssen-Lauret, 2017, 2, p- 252)

Ontology is not, furthermore, something of exclusive concern for philosophers, but it is
also crucial for scientific development itself. To illustrate the need for a scientific ontology,
Esfeld writes:

[...] an algorithm to calculate measurement outcome statistics is not a physical theory. Physics
is about nature, physis in ancient Greek. Consequently, a physical theory has to (i) spell out an on-
tology of what there is in nature according to the theory, (i) provide a dynamics for the elements
of the ontology and (iii) deduce measurement outcome statistics from the ontology and dynam-
ics by treating measurement interactions within the ontology and dynamics; in order to do so,
the ontology and dynamics have to be linked with an appropriate probability measure. Thus, the
question is: What is the law that describes the individual processes that occur in nature (dynam-
ics) and what are the entities that make up these individual processes (ontology)? (Esfeld, 2019,
p.222)

In the same vein, Maudlin writes:

A physical theory should contain a physical onzology: What the theory postulates to exist as
physically real. And it should also contain dynamics: laws (either deterministic or probabilistic)
describing how these physically real entities behave. In a precise physical theory, both the ontol-
ogy and the dynamics are represented in sharp mathematical terms. But it is exactly in this sense
that the quantum-mechanical prediction-making recipe is not a physical theory. (Maudlin, 2019,
p- 4, original emphasis)

So let’s go after this ontology. Because we stated the measurement problem as concerning
an articulation of the wave function,” we can start from there: assuming the wave function
as a basic entity, common to the three subsequent theories. So, besides the wave function,
here’s an ontological showcase.

7

200

— The Bohmian QM, , postulates point particles as fundamental ontological entities
of QM (see Bohm & H1ley, 2006, p. 220). Such point particles always have determi-
nate positions that move according to the non-local pilot wave, albeit we are unable
to know them beforehand since they are ruled by hidden variables.

— The GRW versions of QM _, can be seen both as a theory of the wave function and
as a particle ontology, dubbed as “GRWp”, with particles moving on continuous
trajectories (see Allori, 2021). It can be, however, also associated with a continuous
matter density ontology, in the literature called “GRWm”, in which its ontology
consists of localized entities in a three-dimensional physical space (see Diirr & La-

That is not the only possible way to formulate quantum mechanics; for a critical view on the subject,
see Bokulich (2020); for formulations other than standard quantum mechanics, see Styer ez a/. (2002).
For the sake of simplicity, we focus on the ontological articulations of wave functions, but our point
could be equally framed for other formulations too.
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zarovici, 2020; Ghirardi ez 4/, 1986); and also as an ontology of a collection of in-
stantaneous “flashes”, dubbed “GRWf” (see Bell, 2004).

— The many-worlds interpretation of QM, , or Everettian Quantum Mechanics
(EQM), can be seen as a description of physical reality in terms of the wave func-
tion alone (see Diirr & Lazarovici, 2020, p. 48). But also with an ontological addi-
tion in which splitting universes are posited (see DeWitt, 1971), or without such a
reification of these universes, understood as emergent entities (see Wallace, 2012).

So we have to interpret quantum mechanics to see what it tells us about what there is
(see Esfeld, 2018, p. 152), and to “interpret” it is to come up with a solution to the meas-
urement problem. All of these quantum theories sketched above are usually considered
quantum theories that can be interpreted realistically since they solve the measurement
problem. Even in the literature that does not admit the measurement problem, mentioned
above as the “problem of outcomes”, this problem is understood as the “problem of super-
position” (see de Ronde, 2019, p. 145), which can be stated most simply with the following
question: why do we never experience a superposition? In Schrédinger’s famous cat experi-
ment, where the quantum-mechanical description of the cat, before measurement, is given
in terms of a superposition between the “awake” and “asleep” state vectors, the explanation
for each solution is as follows:

In fact in the pilot-wave theory [QM, ], we do not observe macroscopic superpositions be-
cause the complete description of the system is given by the specification of particles and wave-
function, and particles are always localized, just like cats, whether they are [asleep] or [awake].
In the many-world theory [QM, ] the various terms of the superpositions ‘live” in other worlds
which are inaccessible to us and do not interact with us, and this explains why we do not en-
counter the [awake] counterpart of a [asleep] cat. Finally, in the spontancous localization theory
[QM, ] the fact that the wavefunction localizes very fast for macroscopic objects explains why we
never see macroscopic objects in superposition states, and why [asleep] cats remain, perhaps un-

fortunately, [asleep]. (Allori, 2021, p. 75)

Usually, the focus is on underdetermination: we have ar least three distinct theories that
deal with quantum phenomena, all of them equally empirically successful, and with dif-
ferent ontological outputs. Currently, we have no way to solve the problem of theoret-
ical (and consequently ontological) underdetermination (see Diirr & Lazarovici, 2020,

pp- 231-232).

3.1. NATURALIZED ONTOLOGY

To many authors, contemporary analytic metaphysics is worthless as a guide to the objec-
tive features of the world #n/ess it can be continuously guided by contemporary science
(Ladyman & Ross, 2007). Such a project is known as the radical naturalization of meta-
physics, which advances a skeptical attitude towards most of what currently falls under the
label of “analytic metaphysics”. This kind of debate suffers from some ambiguities in its
scope and aims, a difficulty which could be at least partly overcome (we believe) if a proper

8 For details, see Esfeld (2018, p. 56).
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distinction between “ontology” and “metaphysics” is advanced. Such a careful distinction
could avoid many problems we find in the current literature on the naturalization project.
One of the most common of such problems is the naturalistic expectation that scien-
tific theories provide everything we need to know in terms of metaphysics and ontology,
so that we can read off; extract, or derive a metaphysics (again, a term often treated as inter-
changeable with “ontology”) directly from a given theory’s scientific basis. If for a moment
we dissociate the two terms, we might be able to see the achievements and limits of the rad-
ical naturalization project (and this could work to the benefit of such a project). Here’s

Hofweber:

In metaphysics we want to find out what reality is like in a general way. One part of this will
be to find out what the things or the stuff are that are part of reality. Another part of metaphysics
will be to find out what these things, or this stuff, are like in general ways. Ontology, on this quite
standard approach to metaphysics, is the first part of this project, i.e. it is the part of metaphys-
ics that tries to find out what things make up reality. Other parts of metaphysics build on ontol-
ogy and go beyond it, but ontology is central to it, [...]. Ontology is generally carried out by asking
questions about what there is or what exists. (Hofweber, 2016, p. 13)

Given that distinction between ontology and metaphysics,” it seems that naturalists may
have reason to appreciate ontology as properly continuous with science, while the same is
not so evident with metaphysics. After all, as we saw, we can extract ontological commit-
ments from the theories. One may argue that we can extract more than one ontology from
the same family of theories, but our point here is not underdetermination, but the onzologi-
cal extraction. Consider this claim:

Metaphysics is ontology. Ontology is the most generic study of what exists. Evidence for what
exists, at least in the physical world, is provided solely by empirical research. Hence the proper
object of most metaphysics is the careful analysis of our best scientific theories (and especially of
fundamental physical theories) with the goal of determining what they imply about the constitu-
tion of the physical world. (Maudlin, 2007, p. 104)

The above quote essentially distills what we call the extractivist conception of ontology,
according to which we can extract the ontology of science. We should mention, in pass-
ing, that this is by no means the only strategy; on a diametrically opposite side, we have the
conception called “Primitive Ontology”, whose methodology is reversed: instead of obtain-
ing the ontology as derived from a scientific theory given beforehand, it starts with a previ-
ously assumed ontology and attempts to build a physical theory that correctly describes it:
“[...] when a scientist proposes a fundamental physical theory, she already has in mind what
the theory is fundamentally about: the primitive ontology” (Allori, 2013, p. 61).

We will not deal with this proposal here, as we are interested in the debate with nat-
uralists, who try to inherit some epistemic credentials from science to ontology, with
ontology extracted from science. It does not seem to make sense to put an ontology be-
forechand if what is being sought is to attribute some epistemic respectability for ontol-

®  Similar distinctions can be easily found in the literature. See, for instance, Arenhart (2012), Arroyo

and Arenhart (2022b), Fine (2017), and Thomson-Jones (2017).
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ogy as derived from science. So, in the sense of obtaining an ontology adopted by the ex-
tractivists, is the task of the onzologist over when an interpretation of quantum theory is
adopted? According to the meaning of the term ’ontology’ discussed earlier, we suggest
that it is possible to extract the ontologies from the different interpretations of quantum
mechanics, that is, we extract from the scientific theories a description of what exists ac-
cording to the scientific theory in question. But then again: is it really possible? And: is it
all we have to do?

In order to understand the limits of naturalization, it is useful to introduce here a dis-
tinction between “shallow” and “deep” versions of scientific realism (see French, 2018).
The shallow-type scientific realist is the one that rests content with repeating the very same
declarations of scientific theories when it comes to discussing ontology; she would be com-
fortable sitting near the ontology campfire because at least ontology is fully granted by sci-
ence, thus inheriting its epistemic credentials. But is that all> One could go further and ask
additional questions, willing to understand what kinds of entities are those that are being
posited by our best scientific theories. In ontological terms, what are such posits? Are they
objects with properties (substances), structures, dispositions, facts, or perhaps even some-
thing else? As we argue, this remains at the ontological level —hence, somewhat shallow to
deep realists'®— but we also argue that the kind of ontological answers that these questions
pose is not to be found within scientific theories themselves. Let us dwell on that for a mo-
ment.

4. Two senses of ontology

We can list, a la Quine, what exists according to a theory. Suppose we are talking about
quantum mechanics, and find that the theory requires the existence of electrons: we then
extract commitment with an entity from quantum mechanics. Has ontology been natu-
ralized? So far, it seems so. But is this all the work of ontology, i.e. the establishment of the
catalog of each interpretation of quantum mechanics and leaving it as it is?

Our claim is that this is not everything if one is to go beyond shallow realism. The lit-
erature is elusive in this respect, giving us only hints about what else is typically done by
the scientific ontologist. For instance, we find in Ney (2014, p. 30, emphasis added) that
“ontology” is “1. the study of what there is”; but also “2. a particular theory about the zypes
of entities there are”. In this sense, there would be two complementary tasks of ontology:
at first, the establishment of an ontological cazalog, which says what things exist (tables,
chairs, electrons, Everettian worlds, Bohmian pilot waves, ctc.); and secondly, the establish-
ment of ontological categories, according to which we can classify what zype of entities they
are (objects, properties, relations, events, processes, immanent powers, structures, wave
functions...) and, eventually, investigate into whether some type is more fundamental than

1% Deep realists believe that one cannot be a realist unless metaphysical questions —qua metaphysics—
are properly answered. That is, one must properly spell in detail the kind of entities scientific theories
are committed to, e.g. if they’re objects, are they individuals or not? If they’re structures, what is their
metaphysical profile: universals or tropes? And so on. As there is no debate on whether such deep met-
aphysical questions are to be settled within scientific theories (see French & Krause, 2006, chap. 4), we
focus solely on the shallow spectrum of scientific realism (see also Arenhart & Arroyo, 2021).
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other(s). Quine himself, while discussing ontology, sometimes invites confusion between
the two types of questions:

[...] we are quite capable of saying in so many words that zhere are black swans, that there is a
mountain more than 9,000 meters high, and that zbere are prime numbers above a hundred. Say-
ing these things, we also say by implication that there are physical objects and abstract entities; for
all the black swans are physical objects and all the prime numbers above a hundred are abstract

entities. (Quine, 1951, p. 67)

Here, besides going from entities of the catalog to their types, the plan is that one can also
infer on their specific place in the concrete/abstract divide. The latter is a discussion we
shall not enter into here. Now, on what concerns the possibility that swans are objects and
that this is inferred from their existence, the additional premise “all black swans are phys-
ical objects” must certainly be added, and this is perhaps what is missing most of the time
(as we shall point to). Indeed, this additional step in the inference connecting an entity to
its type is precisely what is not typically provided by quantum mechanics, in the case of the
catalog it provides. Having the catalog is not, eo ipso, having the type of each entity in the
catalog. Using a similar vocabulary, Bueno (2023, p. 49) has also claimed that “facts, sub-
stances and structures” are “ontological categories”. Now, the fact that Bueno himself is
climinativist towards the reification of such categories (Bueno, 2023; Bueno, Busch, &
Shalkowski, 2015) matters little to our goals; what is at stake here is the distinction be-
tween the two parts of ontology we have highlighted and their methodological relation
with science.

For terminological purposes, whenever a fixed discourse or theory is assumed as given
in the background, we shall call the catalog of entities it postulates by “O_”, and we shall
call by “O_” one answer to the question concerning the type of entities this catalog is clas-
sified into. In this distinction, only the first part of the ontological project (O ) could be,
in principle, directly naturalized. So establishing the catalog for each interpretation is a rel-
atively passive job of the scientific ontologist: just note which entities the theory says ex-
ist. Easy peasy. Now comes the creative part ( O{yp): classifying these entities into ontologi-
cal categories. Note that this creativity moves science away from ontology and is no longer
a naturalizable aspect. This is because the theory itself does not tell us the type of entities
with which it is committed ontologically. Let’s take a closer look at that.

It is quite standard to state that if we have an object-oriented ontology, metaphysi-
cal underdetermination concerning individuality arises: if quantum entities are objects,
they can be understood within a metaphysical framework of individuals or non-individu-
als (see French & Krause, 2006, chap. 4). The metaphysical underdetermination concern-
ing individuals and non-individuals is one of the reasons why structural realists think that
we should shift our ontological basis, from an object-oriented ontology to an ontological
basis in which such metaphysical underdetermination does not occur (Ladyman, 1998,
pp- 419-420). The proposed change of ontological basis would recommend a commitment
to a structure-based ontology. This position is known in the literature as “ontic structural
realism” (OSR). Understood as an eliminative proposal about objects, the view suggests
that entities ontologically considered “objects” carrying certain properties would simply
not exist, but only structures understood as collections or families of relations. OSR then
takes the notion of structure “[...] to be primitive and ontologically subsistent” (Ladyman,
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1998, p. 420). Hence, in the ontological (O, ) terms, eliminative OSR would claim that
“[...] relations exist, and can be ontologically fyundamental without there being relata”, and
“[...] objects become otiose, and are eliminated from the basic ontology” (Frigg & Votsis,
2011, p. 262). In this sense, the items in the catalog that were obtained by the naturalized
part of the ontology (O ) —e.g. electrons— would be interpreted as being items of the
type “structures” in O, . And in doing so, it is claimed that issues concerning individuality
no longer appear —this would be a metaphysical issue exclusive for object-based O, |

Another way of framing the distinction between the two tasks of ontology concerns
understanding the reference of “electrons” in terms of the reference of mass terms, and not
in terms of objects (which are themselves the reference of count terms) or of structures.
Rather than being things (as per an object-oriented ontology) or nodes of relations (as per
a structure-oriented ontology), electrons would be something more like stuff, that comes
in quantities, not in units. In that sense, they are much more like water quantities than
unitary particles (for the details of this proposal, which we omit for the sake of space, see
Jantzen, 2019). What is relevant here is that electrons, as items in the catalog of the ontol-
ogist, are understood as a distinct type when it comes to O, . That is, for one answer to O_
there corresponds at least three distinct possible answers to the questions concerning O,

If we stick with the distinction between ontology and metaphysics, we will divide the
work of ontologists and metaphysicians, respectively, as this two-part job: 1) tell what enti-
ties exist; 2) tell what those entities are. Part 2) would be aptly called the non-naturalizable
task of metaphysics, or the “deep” part of scientific realism, to use the terminology offered
by Magnus (2012) and French (2018). But this is not our subject; we are dealing exclu-
sively with ontology. There seems to be a more fundamental distinction in the ontologists’
part of the job. Notice: an electron is an entity, but we can classify it within several types,
without yet getting into metaphysics.

Let us concentrate on electrons again to put that point in clear terms. Consider the fol-
lowing claim: “quantum mechanics is committed with the existence of electrons”. This an-
swers the ontological question related to the cazalog of the theory. After that, there is the
problem of the #ype of entity it is. For example, we can say that they are objects. Alterna-
tively, one can say that they are structures: if we were ontological structuralists, we would
recognize that basic entities would be structures, not objects (see in particular the articula-
tion of the view in Saunders, 2003). Structures and objects are still in the ontology. But it
seems they are in a different part of the ontology than the ontological inventory or catalog,
which lists the entities existing inside the theory. In this way, quantum mechanics exhibits
this further ontological underdetermination. Not only of the catalog —given that different
interpretations furnish different answers to O_, as we have seen—, but also the ontological
underdetermination of the catalog’s typification: electrons, for example, can be considered
structures or objects, and this typification is not extracted from the theory.

In the next step, one could metaphysically understand these objects as individuals or
as non-individuals —this being the traditional way of spelling out the notion of “meta-
physical underdetermination”, which emerged in this context (again, see French & Krause,
2006). Of course, we should mention again that the theory isn’t also informative about the
catalog’s metaphysics; viz., it doesn’t tell us whether electrons qua objects are individuals or
non-individuals. A similar underdetermination appears for other kinds of answers to the
0, question; for instance, if one considers electrons as structures, quantum mechanics is
silent about the metaphysical profile of electrons gua structures (see Arenhart & Bueno,
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2015), so there is this recurring gap. But recall that this additional metaphysical layer, con-
cerning the question of nature, is not our goal here. Rather, we’re pursuing a methodologi-
cal distinction between two kinds of ontology.

Now let us reintroduce the solutions for the measurement problem in this discussion.
Apart from “electrons”, each of them posits different stuff in their respective O_. Ever-
ettians, for example, are known to populate the ontology with many worlds; the many-
worlds interpretation of Everettian quantum mechanics forces that upon them. Once this
solution to the measurement problem is assumed, there’s no way around such an ontologi-
cal (O_) posit. Recall that one way of solving the measurement problem is by appealing to
the existence of such worlds, so the existence of Everettian worlds is an ontological conse-
quence of such a solution. Now whether one wishes to interpret Everettian worlds as OSR
“structures’, i.c., as relations without relata (French, 2014); or as “objects”, i.c. entities en-
dowed with an individuality profile (Brading & Skiles, 2012) is a matter about which Ev-
erettian quantum mechanics is silent. In this way, some can support both EQM and struc-
tural realism, just as Wallace (2012) does. Or EQM and entity realism." This is so because
the naturalization goes only up to O_; O, is not determined by EQM.

The same thing can be said about Bohmian mechanics, and here things are even more
troublesome." For it has been claimed that a solution to the measurement problem yields
a structured ontology, i.e., a combination between O and (’)ty (Lopez, 2024); for instance,
Bohmian mechanics is committed not only to particles and pilot waves in the O_. It is a/so
committed with the particles being objects in Otyp —moreover, individual objects, hence
determining not only both parts of ontology but also its metaphysical aspect. If that were
the case, ontology and metaphysics would be completely determined by Bohmian mechan-
ics, hence fully naturalizable.

We resist such a claim by pointing out to the fact that, notably, Bohmian mechan-
ics can also be interpreted within OSR (see Esfeld, 2017; Lam, 2015). More specifically,
as Lorenzetti (2022) put it, in the extant literature there are three ways' of interpreting
QM, , in structural terms:

(i) according to the eliminativist position, the wave function is all there is; (ii) priority-based
OSR claims that the Bohmian particles are determined by the wave function; and finally, (iii) ac-
cording to moderate OSR the wave function and the particles are both fundamental and they are
inter-dependent. (Lorenzetti, 2022, p. 12)

The first option is eliminativist not just with regards to particles, but also with objects alto-
gether, hence it would be even more precise to state that “according to the eliminativist posi-
tion, the wave function [qua structure] is all there is”. The priority-based and moderate OSR
admits objects and structures within their O _. Once again, a fixed OM (e.g. Bohmian particles
and pilot waves) can be interpreted with different Olyp’ viz., as structures, objects, and so on.

And just like in the previous case —viz., of standard QM and electrons— EQM will be also silent on
metaphysical matters, e.g., whether Everettian worlds are concrete worlds 4 la Lewis or abstract worlds
A la Plantinga (for a discussion on these matters, see Arroyo & Arenhart, 2022b).

We express our appreciation to an anonymous reviewer for pressing us on this point.

In addition to a fourth way, which is the coherency-based OSR approach Lorenzetti (2022) himself
develops in the aforementioned article.
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Different Ot ontologies are not being “read off” from each solution to the measure-
ment problem in the same sense of O . In the latter case, ontological extraction seemed
casier: a basic catalog was ‘extracted’/‘derived from’/‘read off’ for each quantum interpre-
tation as a consequence of the direct postulation of such entities for a solution to the meas-
urement problem. But with O, the situation is different: each of the proposals O, listed
above should now be seen as being plugged in on the top of a given catalog, such catalogs
being compatible with distinct ontological types. The link Quine saw between swans and
objects is not delivered by our favorite theory: one may connect them with objects, struc-
tures, processes, and so on.

To emphasize that point, here’s Quine again:

For let us reflect that a theory might accommodate all rabbit data and yet admit as values of
its variables no rabbits or other bodies but only qualities, times, and places. The adherents of that
theory, or immaterialists, would have a sentence which, as a whole, had the same stimulus mean-
ing as our sentence “There is a rabbit in the yard”; yet in the quantificational sense of the words
they would have to deny that there is a rabbit in the yard or anywhere else. [...] prima facie, are
two senses of existence of rabbits, a common sense and a philosophical sense. (Quine, 1969, p. 98)

The point we wish to stress in this passage is the independence between the catalog and
its type. Quine is again mixing catalogs and types. While the verbal input (the evidence
available) suggests that there is a rabbit, making for an agreement regarding the range of
quantification, there is also another way of cutting what is going on according to which
there is disagreement, which is related to the type. Without making it completely explicit,
Quine reads ‘rabbits’ as pertaining to objects when it comes to the type of ontology. How-
ever —as he himself also recognizes— that evidence is compatible with other options for
types, related to properties instantiated in space and time. Our point is that this latter part
(either object, or else properties) does not come with the rabbit out of the evidential hat.
By quantifying over rabbits, we are not quantifying over objects, or properties. The deci-
sion concerning the types comes only at a later stage. In other words, we are claiming that
when doing Quinean-like ontology, one is not quantifying over the ontological categories
(O._), but over the ontological catalog. Ontologists wouldn’t —shouldn’t!— list ‘objects’
or ‘structures’ among their ontological catalog, as if there were {persons, tables, chairs,
electrons, objects...}. Lowe puts the issue in the following terms:

I should perhaps remark, indeed, that ontological categories are not themselves to be thought
of as entities at all, nor, a fortiori, as comprising a distinctive ontological category of their own, the
category of category. To insist, as I do, that ontological categories are categories of being, not cate-
gories of thought, is not to imply that these categories are themselves beings. (Lowe, 2005, p. 6-7,
original emphasis)

Our way out is to stress that a —naturalistically-approved— derivation is available only
to O_. It is not possible to find the accompanying middle premise in analog lines to “all
black swans are physical objects” in quantum mechanics; that is, quantum theory does not
tell us that “all electrons are physical objects”, instead of “all electrons are nodes in a struc-
ture”. With that distinction in mind, the term “object” would no longer be understood as
ontologically neutral. For that, we would need to choose one, as “entity”. This is because
the term “object” already buys the package of an object-based ontology (to be contrasted
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with a structure-based ontology, for example). This type of care has gained attention; we
see this, for example, in Meincke (2020, p. 2): “I deliberately speak of “entities” rather than
(as many scholars do) of “objects” to leave open the possibility that also non-object-like en-
tities, such as processes, events, states of affairs, structures etc.”. Then we would need to
distinguish between the nature and the classification of the entities’ modes of existence.
A graphical resource (figure 1) might help us to visualize the methodological distinction
we’ve been proposing thus far.

Measurement problem
QI\|/I/9id QMM[ QMbm
Bohmian particles GRW particles Everettian worlds

Objects Structures Objects Structures Objects Structures

Figure 1

The measurement problem, quantum interpretations, O ,and O
cat Bp

We should mention that while O was kept fixed in the above example, this might not
be the case. The ontological content, qua O_, of each quantum interpretation, is not clear.
For instance, we've seen that it is not settled whether GRW should be conceived as a the-
ory of particles, mass densities, or flashes; the same could be said about Bohmian mechan-
ics and Everettian quantum mechanics: respectively, whether there are just one or many
particles; whether there are many worlds, and so on. It should also be noted that the list of
(9[ is not exhausted by objects and structures; one may add processes, events, and so on.!
That said, it should be clear now that one might be an Everettian who proudly admits that

“there are multiverses according to EQM”. And that the dispute on the existence of many
worlds in EQM is, in our terms, an ontological dispute in the sense O_. A further dispute
among those who admit the existence of multiverses in EQM is whether we should under-
stand these universes as objects, as structures, or as something else. In our terminology, the
dispute now is about ontology in the sense comprised by O, .

Moving ahead, the metaphysical question qua metaphy51cs, viz. about the metaphys-
ical nature of such worlds is subsequent to O and independent of O, 102 logical sense.
Take, for instance, the quandary between Everettian actualism versus quantum modal real-
ism (see, for example Conroy, 2018; Wilson, 2020), the former defending that Everettian
worlds should be metaphysically understood in actualist terms, viz., as non-existent enti-
ties, and the latter defending a modal-realist account of Everettian worlds, viz., as existent
entities (for this discussion, see Arroyo & Arenhart, 2022b). These are questions regarding
the very ontological existence of Everettian worlds that should or shouldn’t be admitted in

* Figure 1 is very limited in this sense. As a graphic resource, however, we deliberately chose to enhance
clarity over generality.

208 Theoria, 2024, 39/2, 193-218



Quantum ontology de-naturalized: What we can’t learn from quantum mechanics

one’s (9 » ontology; but this debate seems to be largely independent on where one places
them within Otyp ontology."

Bluntly put: one might be (say) a quantum-modal-structural-realist or a quan-
tum-modal-objectual-realist about Everettian worlds, but there seems to be no point in
discussing quantum modal realism once Everettian worlds are not even admitted in O_,
—e.g,, cases in which one adopts pilot-wave or collapse-based quantum theories.

As a consequence of the independence of metaphysics qua metaphysics and ontology
qua O, , one may ask about the metaphysical nature of what is admitted in O, , just as it
was the case discussed above concerning the metaphysical nature of the entities admitted in
OW. It thus remains to be specified what an object is, or what a structure is, in metaphysical
terms.

Saying, for instance, that “a structure is not an object” does not help much. In fact,
this is a problem of structural realism: it does not have a “metaphysical profile” for struc-
tures— we don’t know what they are, so how can we be a realist about them in a “deep”
sense (see Arenhart & Bueno, 2015)? But of course, there may be one, and that is a ques-
tion for clever metaphysicians. But to say whether what exists, exists according to the on-
tological category of objects or structures, is a question for clever ontologists (and these
two may overlap, of course—they’re clever philosophers after all). For those willing to go
into “deep” metaphysical questions: what is the nature of these entities that populate
the catalog of scientific theories? From what has been discussed so far, we can even learn
about the field of possibilities of metaphysics when we take ontology and science into ac-
count (see Arroyo & Arenhart, 2019); however, just as physics does not determine met-
aphysics (see French & Krause, 2006), the lesson about ontology is also clear: ontology
(whether O or Otyp) does not determine metaphysics.

4.1. OBJECTIONS

Below we list worries one might have by reading our proposal, and how we address them.

1. The problem of underdetermination

Given that underdetermination is a problem, how can one learn ontological lessons (gz#a O_)
from QM?'¢

To answer questions of this kind, one must disentangle naturalism from scientific
realism. It is true that one currently has no intra-theoretical grounds to choose between
QM,., QM _, and QM, . It is also true that one has more than one ontological output
(again, gua O_) from each one of these QM. To stick with just one example: within
QM, one has no grounds to decide between two different O_, say, the catalog of many

> A similar discussion, illustrating the use of the conceptual distinction introduced by our framework
appears in Esfeld (2017), where structural realism (a type ontology) is put to work together with an in-
terpretation of quantum mechanics by primitive ontology. In a sense, it reinforces the point that on-
tology as providing a catalog through an interpretation (the primitive ontology) is a different business
than providing for the type of entities posited.

Indeed, two anonymous referees raised such an objection. We thank them for prompting a closer ex-
amination of this matter.
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minds and the catalog of many worlds (DeWitt, 1971; Lockwood, 1989). Even within
the many worlds O_, there’s still no consensus on whether they should count as concrete
or abstract (Arroyo & Arenhart, 2022b). In section 3 we’ve mentioned something simi-
lar to QM, ,and QM _.

From the methodological point of view that we stressed here, however, underdetermi-
nation should not scare naturalists. Methodologically, naturalists should care solely about
the fact that O_, whatever it may come out to be, was provided by science. It is an output
from science, not an input from a philosopher. The way we understand the naturalist pro-
ject —viz., the project of having philosophical content derived from science— that’s what
counts: being a derivation, not an addition. The fact that science does not determine yet all
facts concerning ontology is not a problem for a naturalist; the problem is only when phi-
losophers, qua philosophers, opt for deciding for science.

Let us press this a little further. From a methodological point of view, O, = ques-
tions do not receive the same kind of support as O_ questions. Ontological typiﬁcation
is largely independent of ontological cataloging. O_is derived from science, and, in the
sense we understand ‘naturalism’ (viz. ‘derived from’ science) is the only naturalizable
part.

Here we can draw a parallel between O ontological questions and distinctively met-
aphysical questions, e.g., questions about the individuality profile of quantum objects. As
Esfeld (2013, p. 21) puts it, “[...] attributing a primitive thisness to objects is a purely meta-
physical move that one can always make, physics be as it may”. We might add, 7o attribut-
ing a primitive thisness to objects, i.e., sustaining a metaphysical profile of non-individuals,
is as well (see also the discussion in Arenhart & Arroyo, 2023b). The methodological point
at issue is this: whatever the metaphysics, there is no difference in physics. This is also the
case with Qyp categorizations. Whatever the categorization, e.g. OW of structures or OW of
objects, the quantum interpretations remain unchanged.

An interesting question is whether there is an empirical difference if there is a differ-
ence in the catalog? For example, in a O ontology of many worlds, probability needs to
be explained; in a Omt ontology of GRW flashes, the new constants of nature need to be ex-
plained; if we have a particle guided by a pilot wave, locality —and consequently the con-
nection with relativistic theories— needs to be explained. Whatever the answer to this
question, the situations we have listed are scientific problems, and we can expect the onto-
logical catalog to be shaped by how science addresses them. From a methodological point
of view, however, the same cannot be expected for ontological questions of the O, type
(and not even distinctly metaphysical questions).

In any case, such questions are independent of realist or antirealist attitudes towards
their underdetermination. As it is well-known, underdetermination may be a feature or a
bug, depending on how one stands between the epistemic stances of realism and antireal-
ism. And the matters of naturalization do not bear on them: if science points to an actual
plurality of accounts, it is not the job of the naturalist to choose ‘the correct one’ for sci-
ence. According to Guay and Pradeu (2020, p. 1850), it is an “oversimplification” of natu-
ralism “to reduce science-based metaphysical approaches to realism”. Of course, they’re not
considering the distinction between metaphysics qua ontology and metaphysics qua met-
aphysics that were assuming here; neither they are considering the further distinction be-
tween metaphysics qua ontology qua catalog (sic) and metaphysics qua ontology qua type
(sic!). The moral of the story, however, is similar: that the outcomes of such a metameta-
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physical (qua metaontological) discussion shouldn’t depend on one’s epistemic stance to-
wards scientific realism or antirealism."”

2. The Quinean principle is not the only game in town; why use it without mentioning
others?

Indeed, at least three other metaontological principles could be used in discussing quantum
ontology.

— The Easy Ontology approach (Thomasson, 2009, p. 6): “on this view existence
claims (whether formulated in English or quantificationally) are only truth-evalua-
ble when paired with a term or terms that come with application conditions, so that
their truth may be evaluated by way of establishing whether or not those applica-
tion conditions are fulfilled.”

— The dynamical principle (North, 2013, p. 186): “dynamical laws are a guide to the
fundamental nature of a world”.

— The grounded ontological commitment (Imaguire, 2018, p. 91): “only sentences
that express fundamental facts, i.e. facts that do not have additional grounds, deter-
mine the furniture of reality via ontological commitment”; one should ontologically
commit oneself only to the fundamental entities.

— The minimal divergence norm (Emery, 2017, p. 564): the “fit between the way a
theory says the world is and the way the world appears to be”; our immediate intui-
tions should guide quantum ontology, and they should diverge as minimum as pos-

sible.

We didn’t use any of them in developing our distinction between O, and O, . Here’s why,
beginning with the latter.

As Emery (2017, p. 564, emphasis added) herself acknowledges, the simplicity of her
metaontological principle is a principle for “scientific theory choice”. It is a principle that
could be called upon to choose between different ontologies (qua O _) to fill the scientific
realists’ goal. But it is not a metaontological principle for obtaining a Yo, ' from a scientific
theory. The Quinean principle of ontological commitment is precisely that. While an im-
portant theme, theory choice in quantum ontology is beyond the scope of the current pa-
per, which is focused solely on the methodology of obtaining (not choosing) an ontology
from science.

North’s and Imaguire’s proposals, however, are a different matter. They announce
their metaontological principles as an “updated version” (North, 2013, p. 189, fn. 10) or
a modification (Imaguire, 2018) version of the Quinean ontological commitment, largely
used in this paper. Recall that we distinguished between ontology as catalog and ontol-
ogy as type investigation. Opting for the above-mentioned metaontological methods for
obtaining an ontology would generate some tensions and unanswered questions concern-

17 In broad strokes, this aligns with what Emery (2023, chap. 2) recently argued in length, viz., that noth-
ing in naturalism requires the specific alignment towards scientific realism or antirealism. Be it con-
tent/ontological naturalism or methodological naturalism; be it radical, moderate, or limited natural-
ism; virtually nothing in the characterization of naturalism depends on a specific epistemic stance on
scientific realism-antirealism matters (excluding, of course, the antirealist qua instrumentalist stance).
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ing the relation between ontology understood as catalog and ontology understood as type.
Fundamental entities may be understood as a type or as something present in the catalog.
If fundamental entities come from the catalog, how did we manage to obtain the catalog
to begin with? It seems that the approach under consideration would have to be elaborated
over an already existing account to generate the catalog, so that we would be able to sepa-
rate afterwards what is fundamental and what is not. If the fundamentals come from the
type ontology, then, again, we depend on a previous catalog, which somehow instructs us
as to the type of entities that are required as fundamentals (recall the discussion between
object-oriented ontologies and structure-oriented ontologies: given a catalog comprised of
protons, electrons and the such, we need to sort out the type of such entities).

An additional difficulty is that determining what is fundamental, in any of the senses,
is very far from being an issue that can be solved by quantum mechanics itself. So, although
one may elaborate on such an approach, it is still very difficult to see how it can appeal to
naturalism in ontology. This is why we opted for the unmodified, old-fashioned Quinean
metaontological method. More specifically: a) the method proposed by Imaguire (2018)
would generate commitment with a previous approach to ontological extraction and a high
dose of ontology-first approach to ontology —hence, unwanted for naturalism right from
the start; b) the method proposed by North (2013) was recently shown to be able to sup-
port several quantum ontologies (Matarese, 2022), so, in a sense, it is still a bit underdeter-
mined when it comes to determining exactly claims about Omt. Our claim, however, is more
general than that, viz., on the prospects of naturalizing ontology as a whole, category and
types included.

Thomasson’s approach, on the other hand, is a sort of flexibilization of the Quinean
approach, and would deliver very similar results, by a kind of different method. The major
differences lie in her not being committed to some of the traditional Quinean tenets, like
Quine’s extensionalism.

All in all, Quinean methodology seems to be part of the orthodoxy when it comes to
naturalism. Certainly, things can change, and our discussion and distinctions between cat-
egories and types would carry over to any other method naturalists prefer to extract their
catalogs. Nothing of importance in our discussion depended on our choice of the Quinean
methodology, although we acknowledge that it seems the most suited for naturalists so far.

S. Conclusion

The naturalization project is undeniably attractive: “what if we could transfer the epis-
temic respectability of science to philosophical disciplines?”, naturalists wonder. How-
ever, things are not that simple. Some disciplines resist naturalization and claim creative
independence. As we have argued, this is the case with a great part of the problems in-
volved in ontology.

When philosophers say that Quine alone “saved metaphysics”, the discipline in ques-
tion that was “saved” —in the biased sense of having been made respectable for main-
taining close epistemic relationships with science— was ontology. In traditional Quinean
metaontology, this means: “what is there, according to such and such scientific theories?”
and, as the one who informs us about this catalog is science itself, many thought that the
project had been completed, and that ontology would have been successfully naturalized.
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Perhaps that part has in fact been successfully naturalized. After all, we can literally
read the ontological commitments of scientific theories. The problem of having many the-
ories competing with each other for a (roughly) true description of the world turns out not
to be a problem for naturalism itself, but a problem for scientific realism (underdetermina-
tion), but the point of naturalists, which we call “extractivism” is untouched: all that mat-
ters is that ontology comes from science; if we have a lot of ontologies because we have a lot
of scientific theories, well, that’s kind of a problem for science (and not for ontology). If
there is no single best scientific theory from which one can extract one’s ontology, at least
the epistemic problem of ontology is properly addressed.

However, when we realize that the work of ontologists does not end with the establish-
ment of a catalog that says what exists (according to scientific theories), ontology seems to
begin to elude naturalization. As we have argued, another essential part of ontology, as es-
sential as the establishment of that catalog, or inventory, is the establishment of more gen-
eral ontological categories about which the items in that catalog must be understood.

Ontology qua catalog-ontology can be obtained from science by philosophers of sci-
ence employing traditional methods of metaontology, such as Quinean strategies for deter-
mining ontological commitment: one just needs to identify what are the things that need
to exist according to specific formulations of QM. Catalog-ontology, thus, is in a great
measure sensitive to formulation. If (Everettian) many-worlds QM uses multiverses as ex-
planatory devices, one may argue that such an approach to QM is ontologically committed
(qua catalog-ontology) with many worlds, for example. This is fairly standard in the meta-
physics of science, albeit “ontology” and “metaphysics” are not commonly distinguished on
these fronts, generating terminological tensions. Now the second role of ontology, on the
other hand, is characterized by the establishment of more general ontological categories,
in terms of which all of the existing entities according to the theory must be classified (e.g.
“objects”, “structures”, “processes”, etc.); we call this “type-ontology”. In this sense of ontol-
ogy qua type-ontology, philosophers of science enter the traditional ontological debates by
searching for the most adequate ontological categories to understand the entities obtained
by the catalog-ontology.

Methodologically, we argued that only catalog-ontology is naturalizable in the sense
of being derived by current science, and that type-ontology is not determined or complezely
epistemically warranted by science. This means that the epistemic virtues one may identify
in the defense of a specific type-ontology and its application in science are not in any sense
obtained from scientific theories whatsoever, and do not derive any kind of direct epis-
temic warrant from science. Another central difference between the present approach to
ontology and current approaches to the metaphysics of science, besides the distinction be-
tween two roles for ontology, is to individuate “ontology” and “metaphysics” by their sub-
ject-matter, the latter dealing with nature questions (as opposed to existence questions);
so, metaphysics is a step beyond catalog-ontology and type-ontology, whereas current ap-
proaches in the metaphysics of science conflate ontology and metaphysics qua metaphys-
ics. By disentangling ontology and metaphysics and, moreover, distinguishing between two
kinds of ontology, we can better appreciate the prospects for successfully naturalizing each
of them.

In the case of quantum mechanics, theories can indicate the catalog of what exists
(O._), e.g., whether there are particles, worlds, or flashes. However, what theories do not
do is indicate whether these same particles, worlds, or flashes, should be understood as the
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ontological categories of objects, structures, events, processes, and so on. Of course, the list
could be extended even further, but the point is that 7o quantum theory indicates this as-
pect of ontology, which we call O, . This part of the ontology is developed creatively by on-
tologists, and, unlike the catalog that is objectively extracted, the Ot is additional layer of
explanation, placed upon the Om[, and consequently on the scientific theory in question—
and there is nothing completely objective in the association of a O, instead of another,
since the same O can be understood according to several different

At the end of the day, the denaturalization of ontology presents us with the following
lesson: independence from science comes with the price of leaving behind the promise of
an epistemic paradise, whose guarantees were once thought to be granted by naturalization.
Ontologists, welcome to freedom: now, by the sweat of your face you will have to gain your
ontological categories!
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