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SUMMARY: When discussing quantum ontology, the debate has recently focused
on comparing and contrasting wavefunction realism and its rivals. Among them one
finds the primitive ontology approach, which is often conflated with the local beables
program. In this paper I wish to clarify what I take to be the distinction between the
notion of primitive ontology and the one of local beable. I argue that the primitive
ontology is the local beable which allows for a dynamical, constructive explanation
which preserves symmetries.
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RESUMEN: Cuando se habla de ontología cuántica, el debate se ha centrado recien-
temente en comparar y contrastar el realismo de la función de onda y sus rivales.
Entre ellos se encuentra el enfoque de la ontología primitiva, que a menudo se funde
con el programa de beables locales. En este artículo deseo aclarar lo que considero
la distinción entre la noción de ontología primitiva y la de beable local. Sostengo
que la ontología primitiva es el beable local que permite una explicación dinámica y
constructiva que preserva las simetrías.
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1 . Introduction

Quantum mechanics has been at the center of the philosophical de-
bate between realism and antirealism for a long time. According
to the scientific realist, theories gives us our best shot at under-
stating the nature of reality, while the antirealist believes that they
are mere instruments to conveniently systematize the data and pre-
dict experimental results. In 1926, the ‘fabulous year’ of quantum
theory, first Schrödinger and then Heisenberg found two incompat-
ible ways of accounting for the current experimental data. While
Heisenberg’s matrix mechanics seemed impossible to reconcile with
a realist view, Schrödinger’s wave mechanics was developed precisely
to make a realist reading possible. Anyway, mostly for sociolog-
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16 VALIA ALLORI

ical reasons,1 after the 1928 Bohr Como lecture, instrumentalism
became the orthodoxy, and quantum mechanics was considered im-
possible to reconcile with scientific realism, even given Schrödinger’s
and Einstein’s efforts to the contrary. These culminated in 1935,
with Schrödinger’s ‘cat paradox’ paper in which he presents the
measurement problem, and Einstein’s paper which he wrote with
Podolsky and Rosen to (try to) show the incompleteness of quan-
tum theory. After 20 years or so of stasis, in 1950s the situation
started slowly to change, as new proposals to solve the measure-
ment problem came to life. Thus, people started taking seriously
(at least) three of the solutions of the measurement problem: the
pilot-wave theory, the spontaneous localization theory, and the many-
worlds theory. They provide different pictures of the world: in the
pilot-wave theory the world is made of particles and fields, while
in the many-worlds and the spontaneous localization theories mat-
ter is made of a field, which evolves differently in the two the-
ories.2 Until fairly recently, however, it was not clear that, even
focusing on one of these theories, the same formalism may be in-
terpreted as to give us different ontologies. This is where the de-
bate has shifted in the last decade.3 That is, recently the discussion
has focused on how to ‘interpret’ these ‘interpretations’. Some peo-
ple endorse wavefunction realism, the view that the wavefunction,
the main mathematical object in each of these theories, represents
material objects.4 In contrast, proponents of local beables5 argue
that each theory needs to have an ontology in three-dimensional
space. Then, there is the primitive ontology program,6 which many

1 See Beller 1999, Cushing 1994.
2 Initially these theories were called ‘interpretations’ of the quantum formalism,

because realists took quantum theory at face value and thus tried to understand what
the mathematics of the theory corresponded to in the world. However, the fact that
(with the exception of many-worlds) the other theories have a different formalism
finally convinced many people to call them, more appropriately, ‘theories’. To be
clear, there is no harm in calling them ‘interpretations’, as long as it is understood
that they are really not.

3 See Albert and Ney 2013.
4 Most prominently, see Albert 1996, 2015, Ney 2012, and forthcoming, North

2013, Lewis 2016 and references therein.
5 This locution has been introduced by Bell (1987).
6 Dürr et al. (1992) first use this idea in the framework of the pilot-wave theory,

and later Goldstein (1998) informally defends it. Allori et al. (2008, 2011, 2014)
further elaborate it and extend it to all quantum theories. Allori (2013a, 2013b)
applies this approach to all fundamental physical theories.
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PRIMITIVE BEABLES ARE NOT LOCAL ONTOLOGY 17

have taken as substantially identical to the local beable approach.7

In this paper I wish to distinguish the two notions: I argue that
even if they share many similarities, requiring a theory to have
a primitive ontology is stricter than requiring it to have local be-
ables: some local beables do not make good primitive ontologies.
Both approaches come from a realist attitude: a theory is more than
just an instrument to predict experimental results. First, it needs
to be clear what the theory describes the behavior of, namely mat-
ter, and what the laws are. In the words of Bell, there must be
entities, matter and its laws, which objectively exist: beables, rather
than observables. Moreover, the beables describing matter need to
be local: the theory needs to describe the behavior of something
in three-dimensional space. When exploring the reasons for this
last requirement, one sees the first difference between the two ap-
proaches: while supporters of local beables talk about the direct
accessibility of the local beables (as discussed in section 2), the
primitive ontologists focus instead on explanatory power and sym-
metries (see section 3). Indeed, the primitive ontology program re-
quires not only that the ontology is clear, and it is in space-time
like local beables, but also that the explanation provided by the
theory is dynamical, compositional and respects symmetries (as pre-
sented in section 4). As I conclude in the last section, failing to
distinguish between the two positions may lead to important mis-
understandings, while keeping this distinction in mind allows us
to look at the various approaches from a more informed point of
view.

2 . Local Beables

As anticipated, the notion of local beables comes from Bell:

these are the mathematical counterparts in the theory to real events
at definite places and times in the real world (as distinct from the
many purely mathematical constructions that occur in the working out
of theories, [and] as distinct from things which may be real but not
localized, [ . . . ]). (1987)

This notion has two components: one underlying a locality feature,
and the other emphasizing an existence claim. Let’s start with the
latter. The locution ‘beable’ has been introduced in explicit con-
trast with ‘observable’, commonly used in quantum theory. The idea

7 See e.g. Esfeld 2014a, Myrvold 2017, Maudlin 2019.
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18 VALIA ALLORI

is that a theory should not talk about what we can observe but
instead it should talk about what exists. The question should be:
“what are the ‘be-ables’?” rather than: “what are the ‘observables’?”
To promote a realist understanding of quantum theory, in contrast
to the dominating instrumentalist attitude, one needs to be clear
about what the ontology, the beable, of quantum theory is. The main
equation of the quantum formalism, the Schrödinger equation, de-
scribes the wave-like evolution of an object called the wavefunction,
ψ. However, waves can superimpose, as they have finite amplitudes
at different locations, and they spread out when evolving. So, they
cannot reproduce localized phenomena, like the tracks observed in
detectors, usually interpreted as particle trajectories. Rather, a wave
theory predicts macroscopic superpositions for everything, including
stuff we observe to be localized. This is the measurement problem:
macroscopic superpositions need to be eliminated. One way to fix
this is to talk about measurements: “observable X is in an indefinite
superposition state; only after a measurement X acquires definite val-
ues.” However, what is a measurement? Why is it not just another
physical process? A theory defined as such is vague and imprecise,
and thus unsatisfactory. According to Bell, one way of precisely
eliminating the macroscopic superpositions is to postulate that there
are indeed particles, which are always localized by definition, and
which are guided in their motion by the wavefunction (as assumed
in the pilot-wave theory). Another option is to modify the evolu-
tion of the wavefunction so as to forbid macroscopic superpositions
(like in the spontaneous localization theory). Or one may grant that
macroscopic superpositions exist, but, since the branches correspond-
ing to localized outcomes effectively do not interact, we experience
them as localized (as in the many-worlds theory). Given that these
theories no longer invoke the notion of measurement in their defi-
nition, they are precise in their ontology: except for the pilot-wave
theory in which there are also particles, the beable of these theories
is the wavefunction. More precisely, wavefunction realists argue that
one can read-off the beables from their formalism: they are those
elements of the theory which appear in its most fundamental equa-
tions. Being the wavefunction the beable (or part of the beables) of
these theories makes wavefunction realists rethink of the meaning of
‘real world’ in the quote at the beginning of this section. In Newto-
nian mechanics one straightforwardly understands the real world (or
physical space) as mathematically represented by three-dimensional
Euclidean space: this is where the ontology, in this case particles,
lives. In quantum mechanics however, this is not the case. The wave-
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PRIMITIVE BEABLES ARE NOT LOCAL ONTOLOGY 19

function is best understood as a field in configuration space, the space
of all the accessible configurations.8 Since each configuration is three-
dimensional and since it is as if there are N of them, where N is of
the order of 1023, configuration space is a high-dimensional space. If
the wavefunction is the beable of the theory, then this space is the
mathematical representation of ‘the real world’.

The ‘locality’ part in ‘local beables’ roughly corresponds to the
idea that what exists in a given region of the ‘real world’ does not
depend on what happens in another region. Thus, the wavefunction
is a local beable in configuration space.9 However, if someone thinks
that local beables are entities in three-dimensional space, rather than
any other physical space, then clearly the wavefunction is not a local
beable.10 If so, then quantum theories like many-worlds and sponta-
neous localization, which have only the wavefunction, need to have
a new (three-dimensional) local beable. This is (part of the reason)
why theories like GRWm, GRWf, Sm, Sf and varieties of ‘GRWp’
and ‘Sp’ have been proposed.11 The ‘m’-type theories (GRWm and
Sm) are to be understood respectively as the modification of the
spontaneous localization theory and of the many-worlds theory so
that the theory describes the evolution of a matter density field m
(which happens to be defined in terms of the wavefunction). This
matter field is the local beable of these theories: it is what matter
is made of. In the ‘f’-type theories (GRWf and Sf) the local beable
is given instead by “flashes”, space-time events, while ‘p’-theories
(GRWp-type theories and Sp-type theories) have a particle ontology.

I will dub defenders of local beables in this sense localists, to
contrast them with wavefunction realists.12 Localists include prim-
itive ontologists, presented in the next section, and quantum state
primitivists, discussed below, as well as others. Wavefunction realists

8 These configurations are the positions that particles would have, if there were
any. In quantum theories, except the pilot-wave theory, there are no particles,
but the wavefunction ψ can be written as if it depends upon their configurations
ψ (r1, r2, . . . , rN).

9 See Albert 1996, Ney 2015.
10 See Goldstein et al. 2011, Maudlin 2019.
11 See Bell 1987 for GRWf, and Ghirardi et al. 1995 for GRWm. Allori et al.

2008, 2011, 2014, Allori 2019b and Allori 2020a discuss many varieties of these
theories, including Sm, Sf, and Sp.

12 The alternative locution ‘local beablists’, which perhaps is more accurate,
sounds horrible to me. If you wish, alternatively you can call them ‘three-
dimensionalists’, as their focus is not much on locality (which changes meaning
depending on which space one thinks is fundamental) but on the existence of an
ontology in three-dimensional space, as opposed to one in a high-dimensional space.
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20 VALIA ALLORI

and localists are both realists, so they agree on the necessity for a
theory to have a precise ontology, in contrast with instrumentalist
readings of quantum theory. However, they disagree on what counts
as a good ontology: wavefunction realists allow it to live in any type of
dimensional space, while localists restrict them to three-dimensional
space. Consequently, they disagree about which type of locality is
important: while localists think most of three-dimensional locality (3-
locality), wavefunction realists are happy at having a local theory in
configuration space (3N-locality).

But why do localists require local beables to be three-dimension-
al?13 Maudlin argues that “to give the theory empirical content, we
need some sorts of items that exist and move in physical space,14

influenced by the quantum state”, and that “the structure of the
wave function must be projected down from configuration space into
physical space”.15 Moreover, by having local beables, the connec-
tion between the theory and the world is direct and transparent in
a way that would not be possible otherwise: “Collections of atoms
[ . . . ], because they are local beables, can unproblematically be rock-
shaped and move in reasonably precise trajectories.”16 Without local
beables, instead, one needs some mapping from configuration space
to the three-dimensional space we perceive: the world we experience
must suitably emerge from the description in configuration space.
However, localists argue, there is no preferred mapping, and there
is nothing to suggest dimensions are grouped into threes, as needed
if one wants a point in configuration space to correspond to particle
configurations in a three-dimensional space. In addition, different
mappings may give rise to incompatible metaphysics: in that case,
which beable will actually emerge?17 Moreover, there is the problem
of empirical coherence. A theory is said to be empirically incoherent
in case its truth undermines our empirical justification for believing
the theory to be true. Arguably, any theory gets confirmation by spa-
tiotemporal observations. The claim is that, in contrast with a theory
with local beables, wavefunction realism is empirically incoherent be-

13 From now on, let me call local beables in three-dimensional space simply ‘local
beables’, as this is how the terminology is commonly used in the literature, even if
to avoid confusion I should write 3-local beables to denote the one used by localists,
and 3N-local beables the ones of wavefunction realists.

14 He means three-dimensional space here.
15 Maudlin 2019, p. 110 and p. 116.
16 Maudlin 2007.
17 See Monton 2002, 2006, 2013, Maudlin 2007, Allori 2013a and 2013b. See Albert

2015, Ney (2021) for discussions and responses.

Crítica, vol. 53, no. 159 (diciembre 2021) DOI:https://doi.org/10.22201/iifs.18704905e.2021.1292

critica / C159Allori / 6



PRIMITIVE BEABLES ARE NOT LOCAL ONTOLOGY 21

cause its fundamental entities are not spatiotemporal.18 Furthermore,
some have emphasized that wavefunction realism obscures the role of
spacetime in the theory. If one formalizes the theory too abstractly,
then one loses understanding: “Thinking about quantum mechanics
in terms of a wavefunction on configuration space is rather like think-
ing about classical mechanics in terms of a point on phase space. In
both cases, there is a far more perspicuous way to understand the
theory, one which is connected to spacetime in a more direct way.”19

Finally, even if this is not closely connected with the existence of local
beables, people have argued that it is difficult to extend wavefunction
realism to relativity.20

Regardless, if one requires a theory to have local beables the ques-
tion moves to the nature of the wavefunction. Notice that the dis-
tinction between epistemic and ontic views of the wavefunction is
not very helpful here.21 Ontic conceptions see the wavefunction as
objectively existing, while epistemic approaches take the wavefunc-
tion as representing the state of knowledge of an observer. While
epistemic views seem more suitable for instrumentalist approaches,
wavefunction realists, primitive ontologists, and other localists all
think of the wavefunction in ontic terms. However, they disagree
about how exactly to think of it. Norsen proposes to eliminate the
wavefunction altogether, due to its nonlocality, and to construct a
theory of exclusively local beables.22 He has proposed a reformula-
tion of the pilot-wave theory in which the wavefunction is replaced
by local fields, similarly to the case of classical electrodynamics, in
which there are particles and local fields (however, see section 4).
Nevertheless, in this case it is necessary to add an infinite number
of local fields, and this is presumably (part of the reason) why some
other localists have proposed alternative approaches. Some suggested
taking the wavefunction as a multi-field, or a ‘poly-wave’, in three-
dimensional space. This is a generalization of an ordinary classical
field: as the latter specifies a value for each three-dimensional loca-
tion, the multi-field of an N-‘particle’ system specifies a value for

18 For a first formulation, see Barrett 1999. Also, see Healey 2002, Maudlin 2007.
For responses, see Huggett and Wüthrich 2013 and Ney 2015.

19 Wallace and Timpson 2010.
20 See Myrvold 2015, Wallace 2021 for the problem, and Ney 2019, 2021, for

replies.
21 This distinction has been proposed by Spekkens 2007.
22 Norsen 2010, see also Norsen et al. 2015.
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22 VALIA ALLORI

the N-tuple of three-dimensional points.23 Alternatively, quantum
state primitivism postulates that the wavefunction is a new kind of
beable, which is nonlocal. It represents the quantum state, which is a
novel feature of reality without classical analog.24 In addition, space-
time state realism understands the wavefunction as characterizing,
in terms of the reduced density matrix, some features of spacetime
regions.25 The peculiarity is that this local beable is non-separable:
the whole is different from the sum of its parts. Other approaches
which are often proposed by defenders of the primitive ontology
approach are discussed in the next section.

3 . Primitive Ontology

The literature on quantum ontology almost never clearly emphasizes
the difference between local beables and primitive ontology.26 How-
ever, I am convinced that the two ideas are importantly distinct.27 In
this paper I aim to show that a primitive ontology is a special type
of local beable.

First, the primitive ontology approach is a distinctive realist un-
derstanding of what physical theories are, and how they are supposed
to be explanatory. According to the primitive ontologist, the realist
enterprise does not proceed by interpreting the theoretical formalism
a posteriori. Rather, a metaphysical hypothesis about the nature of
matter is a priori postulated by choosing the simplest, as there is no
reason to do otherwise. Since we perceive a three-dimensional world,
the simplest material ontology is in three-dimensions. If this is ex-

23 This view has been defended by Hubert and Romano (2010), taking up an idea
of Forrest (1988) and Belot (2012). See also Chen 2017 and Romano 2020.

24 Maudlin 2013, 2019.
25 Wallace and Timpson 2010.
26 This is unfortunately the case also among some proponents of the primitive

ontology approach. For instance, Esfeld (2014a) writes: “The primitive ontology
consists in one actual distribution of matter in space at any time (no superpositions),
and the elements of the primitive ontology are localized in space-time, being ‘local
beables’ in the sense of Bell (2004, ch. 7), that is, something that has a precise
localization in space at a given time.” See also Tumulka (2016): “The ‘primitive
ontology’ of a theory (more or less what Bell called the ‘local beables’) are the
variables in the theory that represent matter in space-time.” However, see Allori
(2015a) for the suggestion that the two notions are not identical.

27 This qualifier seems necessary as I am not the only defender of the primitive
ontology approach, and obviously cannot speak for the others.
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PRIMITIVE BEABLES ARE NOT LOCAL ONTOLOGY 23

planatory, there is no reason to look further.28 This also clarifies why
primitive ontologists think of highly abstract mathematical objects as
not suitable to represent physical objects.29 This goes back to the late
1920s, when Lorentz, de Broglie, Heisenberg and Einstein expressed
perplexities about considering the wavefunction as a material field.30

Part of the problem was that doing so requires giving up everything
we know from classical physics about explaining the phenomenon.

So, the requirement of constructing the simplest theory possible
is fundamentally tied to simplicity of explanation. Why should one
depart as little as possible from the classical way of understanding?
Because, why not? In football terms, there is no point in changing
a winning team. Or, as the Irish say: “if it is not broken, why fix
it?” The primitive ontology approach urges therefore to retain the
compositional and dynamical explanation of the phenomena typical
of the classical theories.31 Thus, we should avoid Kuhnian classical-
to-quantum revolutions, which would have us unnecessarily re-think

28 See Allori (2013a and 2013b) for this argument in the framework of the prim-
itive ontology approach. See also Emery (2017) for an independent but similar
argument.

29 See Norsen 2010, Allori 2013a and 2013b.
30 See Bacciagaluppi and Valentini (2009) for a very interesting discussion of this

and other issues during the 1927 Solvay Conference. Interestingly, this argument
can be tracked down historically also to Heisenberg, who very vividly said to Bloch
(1967), referring to configuration space realism: “Nonsense, [ . . . ] space is blue and
birds fly through it”, to express the ultimate unacceptability of building a theory
in which there was no fundamental three-dimensional space. Similar concerns have
been expressed by Lorentz, who in a 1926 letter to Schrödinger wrote: “If I had
to choose now between your wave mechanics and the matrix mechanics, I would
give the preference to the former, because of its greater intuitive clarity, so long as
one only has to deal with the three coordinates x, y, z. If, however, there are more
degrees of freedom, then I cannot interpret the waves and vibrations physically, and
I must therefore decide in favor of matrix mechanics” (Przibram 1967). Similarly,
Schrödinger wrote: “The direct interpretation of this wave function of six variables
in three-dimensional space meets, at any rate initially, with difficulties of an abstract
nature” (1926, p. 39). Again: “I am long past the stage where I thought that one can
consider the w-function as somehow a direct description of reality” (1935). This is
also a concern heartfelt by Einstein, who expressed this view in many letters, e.g.:
“The field in a many-dimensional coordinate space does not smell like something
real” (Einstein 1926).

31 In contrast, in wavefunction realism the traditional explanatory schema of the
behavior of macroscopic entities in terms of microscopic ones needs to be heavily
revised. Contrarily to the classical case, tables and chairs are not macroscopic three-
dimensional objects composed of microscopic three-dimensional particles. Rather,
they are macroscopic three-dimensional objects ‘emerging from’ a high-dimensional
wavefunction.
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24 VALIA ALLORI

the notion of scientific explanation.32 If we postulate the fundamen-
tal building blocks of matter to be three-dimensional and micro-
scopic as in the classical picture, then we can think of macroscopic
objects as composed of them. These material Lego bricks are the
primitive ontology of the theory. In terms of Einstein’s distinction
between constructive and principle theories,33 primitive ontologists
require constructive theories.34 In fact, principle theories are formu-
lated in terms of constraints on physically possible processes: the
principles. Think for instance of the principle that ‘no perpetual
motion machines can exist’ used in thermodynamics. Instead, in
constructive theories one derives dynamically macroscopic objects
and their behavior in terms of their microscopic constituents: again,
think of kinetic theory, which reduces the behavior of gases to the
motion of atoms.35 Primitive ontologists prefer constructive theories
because regularities and constraints over the possible experimental
findings lack explanatory power from their perspectives: we still do
not know why these constraints obtain. They think that a satisfactory
explanation is provided only by a dynamical, constructive theory, in
which one is told the microscopic story, provided by the primitive
ontology, giving rise to the observed behavior, both in the classical
and the quantum case.36

This way of understating explanation fits well with thinking of the
wavefunction as nomological. That is, it is not something that de-
scribes a material field, rather it is an ingredient needed to construct

32 See Allori 2015b for this argument.
33 Einstein 1919.
34 For an elaboration on this, see Allori 2020b, manuscript a.
35 Einstein introduced the principle/constructive distinction to express his own

dissatisfaction with his 1905 relativity theory, formulated in terms of principles.
He thought that one uses principle theories when constructive theories are either
unavailable or too difficult to build. See Brown and Timpson 2006.

36 This attitude makes clear why the primitive ontologists, given their commitment
to explanation, care about locality in three-dimensional space, rather than more
abstract senses of locality such as the one proposed by wavefunction realists. In fact,
a nonlocal world is certainly disruptive of the schema of explanation used in classical
theories, which the primitive ontologist tries to preserve. The locality assumption
was the one that Einstein thought would be undeniable, not necessarily because
it conflicts with relativity theory but more importantly, I think, because it is in
tension with our natural way of understanding the phenomena. Indeed, it is curious
that wavefunction realists care about locality at all: on the one hand, they insist that
we have to change our ordinary way of understanding the world (allowing it to be a
high dimensional space) and then we are supposed to preserve locality in that space.
But if the principle is: “Reject intuitions, go where the formalism takes you”, why
should we care about locality?
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PRIMITIVE BEABLES ARE NOT LOCAL ONTOLOGY 25

the law of evolution of the primitive ontology.37 The wavefunction
is a beable in the sense that it expresses some objective facts rather
than states of knowledge. Therefore, it is ontic without being ma-
terial. Depending on what one thinks does the explanatory work,
this nomological character of the wavefunction is either conceived as
being a property of matter or as being (part of) a law of nature. One
may think that glass breaks because it has the dispositional property
of ‘fragility’. In this way the wavefunction is seen as a property that
accounts for matter’s behavior under the various circumstances.38

However, I find dispositions mysterious: what are they? How many
should we postulate in order to account for the phenomena? Better,
I believe, is to characterize the role of the wavefunction in terms of
laws of nature.39

To sum up, a fundamental physical theory possesses an explana-
tory architecture at the foundation of which one finds what in the
theory represents matter, namely the primitive ontology. It is at the
foundation because this is what the theory is wishing to explain the
behavior of. In order to do so, the theory has layers which fit together
for this explanatory purpose. Thus, in addition to the primitive on-
tology, many other variables appear in the theory to define, more
or less directly, how matter moves. The primitive ontology must
be a local beable: it must exist (‘beable’) in three-dimensional space
(‘local’). However, being local is not enough for being material (i.e.,
to represent what physical objects are made of): what determines
whether something is material or not has to do with the role the
variable has in the theory. In other words, it depends on the level
this variable occupies in the explanatory architecture of the theory.
Is this local beable at the foundation? In other words, does this local
beable represent the entity the theory explains the behavior of? If so,

37 See Allori 2013a and 2013b, Goldstein and Zanghì 2013.
38 For this approach, see Monton 2013, Esfeld et al. 2014, Suárez 2015.
39 The first proponents of this view are Goldstein and Zanghì 2013. See also

references therein. For Humean variants, see Miller 2014, Esfeld 2014b, Bhogal and
Perry 2015, Callender 2015. Notice that the quantum law of nature now is not the
Schrödinger equation, which is an equation for the evolution of the wavefunction.
Rather, it is a law that the primitive ontology obeys and that describes how it
moves. For instance, in the case of the pilot-wave theory, the quantum law is the so-
called guidance law, which is an evolution equation for the particles’ position. This
law contains the wavefunction, which has no straightforward physical representation
other than being an ingredient in the law. I have recently argued that the best
characterization of the wavefunction is in terms of a functionalist account, which
combines the advantages the nomological view as well as of the epistemic approaches,
without suffering from their weaknesses (Allori, manuscript b).
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26 VALIA ALLORI

this local beable is (part of) the primitive ontology (matter). Does it
enter instead in the definition of how matter moves? Or, does this
local beable appear in the laws governing the behavior of matter? If
so, then this local beable belongs to an ‘explanatory’ level. While it
does exist (beable), it exists as part of the laws, broadly speaking,
and not as a material entity. Thus, local beables may be nomolog-
ical: they are beables (they exist objectively), they are local (they
are in spacetime), but they are not (part of) the primitive ontology
(they do not represent material objects). I think that a comparison
with potentials may be useful: they are local beables (they are ob-
jective mathematical entities defined in three-dimensional space), but
they do not represent anything material. Rather, like electromagnetic
fields, they are another way of expressing the interaction between
material things, and so they are best seen as part of the law than
as part of the material ontology (I will further discuss the analogy
with electromagnetic fields in the next section).40 So, in the primitive
ontology framework, the ontology, namely what exists objectively (as
opposed to what describes an epistemic attitude of someone) may
be thought of as follows: there is matter, described by the primitive
ontology, and there are the laws governing the behavior of matter,
described by the non-primitive, or nomological variables. Sometimes
this is schematically exemplified as: O = (PO ; NO), where O is the
ontology (what exists), PO the primitive ontology (matter), and NO,
the nomology, namely the dynamical structure needed to account for
the behavior of the PO (the law).41 The semicolon which separates the
material ontology (PO) from the nomology (NO) divides the roles of
the variables in the theory: both ontology and nomology exist, but
not in the same way. One is material, the other is not.42

The last ingredient of the primitive ontology approach is the im-
portance of symmetry properties, which are taken as guiding tools
for theory construction: take as primitive ontology the simplest mi-
croscopic ontology and use symmetries to find the simplest law al-
lowing for a dynamical explanation of the phenomena.43 Thus, sym-

40 See an interesting discussion on the ontological status of electromagnetic fields
and the Aharonov-Bohm effect in Maudlin 2018.

41 A clarification: in cases like classical electrodynamics, in which one distinguishes
between matter and light, the primitive ontology is to be contrasted with the nomol-
ogy: the primitive ontology is whatever physically exists, like matter and light, as
opposed to what nomologically exists, like the laws of nature. See section 4.2.

42 See Allori 2015a for more on this aspect of the primitive ontology approach.
43 See, for instance, Dürr et al. 1992, who reconstruct in the pilot-wave theory

the guidance equation for the particles (the simplest ontology) postulating a first-
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metries are thought of as the invariances of the law for the primitive
ontology.44 This means that, for instance, in the pilot-wave theory
(which I often use as example because it is the simplest and better
known quantum theory with a primitive ontology) the symmetries
of the theory are the symmetries of the guidance equation, not of
the Schrödinger equation. So, a theory is invariant under a given
symmetry S if the temporal evolution of the primitive ontology does
not change under the transformation corresponding to S. Making the
symmetries a business of the primitive ontology allows us to explain
why the wavefunction transforms the way it does under symmetry
transformations in order to make the theory invariant (see section 4).

To summarize the discussion in this section, the primitive ontology
has three roles:

1) A metaphysical role: it defines what materially exists at the
microscopic level in three-dimensional space;

2) An explanatory role: it explains macroscopic phenomena dy-
namically and constructively;

3) A physical role: it defines symmetries as invariances of its law
of evolution.

Therefore, primitive ontologists are stricter than other localists in
the criteria for a desirable theory: not only do they want a precise
ontology (as wavefunction realists), not only do they want a three-
dimensional ontology (as localists), but they also want constructive,
dynamical explanations and they want to keep as many symmetries
as possible. More explicitly, a primitive ontology is the simplest local
beable that allows for a dynamical, constructive explanation which
preserves symmetries.45

4 . Comparison

Localists advocate for a three-dimensional ontology: this is the meta-
physical role of the primitive ontology above. However, a local be-

order equation (the simplest type of equation), and using symmetries (rotational
invariance, time-reversal invariance, and Galilei invariance) to select among the
possible otherwise adequate alternatives.

44 See Allori et al. 2008 for an explicit claim about this.
45 While I think more work needs to be done to clarify the relation between laws

and fundamental entities, especially in contrast with grounding and similar relations,
the point of the present discussion is to emphasize how claiming that something
belongs to the ontology does not necessarily imply that it represents some material
entity, as it could likewise represent a (part of the) law.
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able may not be a suitable primitive ontology if it does not provide
a dynamical explanatory schema (the explanatory role) or does not
preserve symmetries (the physical role). Let’s compare the two views
more in detail, focusing first on the reasons why an ontology in three-
dimensional space is considered desirable.

4 . 1 . Familiarity of Explanation

The explanatory role is partly why I, as primitive ontologist, find
quantum state primitivism unsatisfactory. In fact, postulating the
quantum state as a new category to explain the phenomena (when
other options are available) is at odds with the desire for explanation
motivating the scientific realist, including the quantum state prim-
itivist: how do we truly explain the phenomena if we invoke some
mysterious objects whose nature we postulate to be unanalyzable?
Maudlin claims that those who have tried to figure out what the
quantum state is have succumbed to the “misguided desire to liken
the quantum state to anything we are already familiar with”.46 While
it is true that everybody needs starting points, this attitude towards
the quantum state makes the requirement of local beables unneces-
sarily mysterious. Localists require local beables because, being in
three-dimensional space, they connect directly with experience. So
why, in the case of the quantum state, does it not matter if it is in
configuration space? How does it connect with experience? Presum-
ably it is connected to the way in which it ‘acts’ on the local beables.
But if so, what is the difference between this view and the nomolog-
ical approach? At least the latter aims to provide an explanation of
why the wavefunction acts on the local beables (it is part of the law),
without merely postulating that it does.

The importance of explanation is also connected with the require-
ment of familiarity for the beables. Both quantum state primitivists
and primitive ontologists claim that they do not want to depart from
common sense. But why? The primitive ontologists want to have
the simplest possible explanation. Instead, quantum state primitivists
seem to hold a double standard. First, they claim (and the primitive
ontologists agree) that a reason to postulate local beables is that there
should be direct connection between theory and experiments. Then
they argue (and the primitive ontologists agree) that spacetime state
realism (discussed in section 2) is unsatisfactory because even if local,
the density matrix is not separable, and “this inversion of the usual
relation between spatial parts and wholes means that we cannot infer

46 Maudlin 2019, p. 89.
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the macroscopic situation [ . . . ] from the state of the microscopic
terms”.47 Thus, if reduced density matrices are the local beables,
then we cannot use familiar notions to recover observations from the
theory (because they invert the usual part-whole relation). In other
words, familiarity arguments have been put forward by quantum
state primitivists as well as primitive ontologists to argue for a three-
dimensional ontology and against spacetime state realism: if you do
not postulate a three-dimensional, separable ontology then you can-
not use familiar notions to recover observations from the theory.
However, quantum state primitivists also want to be able to say that
there is no problem that the quantum state, their nonlocal beable,
is not familiar.48 This is difficult to defend: if the quantum state is
a primitive nonlocal beable, then we cannot use familiar notions to
recover observations from the theory. This argument instead does
not affect the primitive ontology approach, as the wavefunction is
nomological.

Why do quantum state primitivists want to say that the quan-
tum state is a beable, even if it is nonlocal? Presumably for two
reasons. First, the idea that if something appears in the fundamen-
tal equations then it corresponds to something in the world as a
material entity.49 However, the equations of evolution of the local
beables can be written in terms of very different variables. In or-
thodox quantum mechanics one can use density matrices instead of
wavefunctions. Different reformulations of the pilot-wave theory have
been proposed, in terms of a ‘collapsing’ wavefunction,50 density ma-
trices,51 an infinite set of three-dimensional fields,52 a multi-field,53

and so on. One can rewrite the spontaneous localization theory with
the density matrix instead of the wavefunction or propose a different
equation for the wavefunction.54 Which of these equations is sup-
posed to be taken as ‘fundamental’? Which of these equations is to
be used to reify, or materialize, its variables? Primitive ontologists
think that none of them is, and call these reformulations physically
equivalent theories: in orthodox quantum theory the Schrödinger

47 Maudlin 2019, p. 202.
48 Maudlin 2019, chapter 3.
49 Maudlin 2018.
50 Allori et al. 2008.
51 Allori et al. 2014.
52 Norsen 2010.
53 Forrest 1988, Belot 2012, Hubert and Romano 2018.
54 Allori et al. 2008.
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equation and the wavefunction have been used as a matter of conve-
nience. One could resist the conclusion and assert that these theories
are metaphysically inequivalent. Indeed, they provide different pic-
tures of the world: one in which there is the quantum state, one in
which there are infinitely many local fields, one in which there is a
three-dimensional multi-field, and so on. However, the experimental
data are reproduced by the behavior of the local beables alone. The
wavefunction, the density matrix, the multi-fields, the multitude of
fields, and so on are relevant only insofar as they ‘make’ the local
beable reproduce the data correctly. So, even fixing the local beable,
the object which makes the local beable behave in an empirically
adequate way is underdetermined. Therefore, it seems to me that
the most straightforward attitude towards these entities, including
the wavefunction, is to think of them not as representing some un-
familiar, mysterious nonlocal beable, but as part of the laws. This is
what the primitive ontologists should argue, I believe, because if one
does that, as we have seen, one provides a constructive explanation.
Moreover, as we have seen, saying that the wavefunction is part of the
law is not to deny it is part of the ontology: the wavefunction exists
in the world, without being material, being part of the nomology.
Be that as it may, the second reason for quantum state primitivists
to think of the wavefunction as a nonlocal beable is that it encodes
nonlocality, which is a fact of nature.55 Granting this, however, does
not mean granting the wavefunction has to correspond to some ma-
terial but mysterious ‘thing’ in the world. Nonlocality may well be
specified by the nomological facts. That is, assuming nonlocality is
a fact of nature, there could be several ways of incorporating this
in our account of the world. Either assume that there is a quantum
state, encoding this nonlocality, or assuming nonlocal laws, which
the wave function is part of. I think that the first approach is less
plausible than the second, as it leaves many unanswered questions,
including: where is the quantum state? How does it interact with
‘regular’ matter? Why doesn’t ‘regular’ matter act back?

4 . 2 . Explanation and Theory Architecture

The discussion above helps with the distinction between local beables
and primitive ontology only up to a point because it is merely about
the nature of the wavefunction. The emphasis on explanation helps
explain why primitive ontologists find quantum state primitivism
unsatisfactory, but it does not clarify the disagreement with other

55 See Bell 1987, Goldstein et al. 2011, Maudlin 2014.
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localists (such as Norsen, who does not speculate about the nature
of the wavefunction, and the multi-fielders): viz. that certain local
ontologies proposed by the localists may not be suitable primitive on-
tologies. To see the origin of the disagreement we need to move to a
theory like classical electrodynamics in which there are local beables,
namely the electromagnetic fields, which, I argue, are not part of
the primitive ontology. In this subsection, I explore how a theory
explains the phenomena depending on which beable one includes in
the primitive ontology. The example of classical electrodynamics is
instructive not because it provides the most persuasive motivation
to think of the electromagnetic fields as not in the primitive ontol-
ogy. In fact, it does not: as we will see in the next subsection, the
most compelling reason that disqualifies the electromagnetic fields as
primitive ontology has to do with symmetries. Instead, as we will see,
I think the example is interesting because the differences between
classical electrodynamics and quantum mechanics help to clarify the
reasons why one is inclined to think of a given mathematical object
as representing something material.

Classical electrodynamics was built on classical mechanics to ac-
count for new experimental data. New types of interactions between
particles were postulated, electric and magnetic, which were conve-
niently described in terms of electric and magnetic fields which ex-
tended to every point in space. Initially, these fields were treated as
efficient bookkeeping devices rather than part of the world. This atti-
tude changed first with Faraday, who first conceived the electromag-
netic fields as physically real. Later Maxwell showed that electro-
magnetic fields obey a wave-equation with a velocity of propagation
equal to the velocity of light, suggesting that light is the vibration
of these fields. Moreover, only if we assign energy to these fields,
does the law of conservation of energy hold for the complete system
of particles and fields. So, physicists started to take seriously the
idea of a dual physical ontology: matter, whose nature is to be made
of particles, and light, which is a vibration of the electromagnetic
fields. In this way, one would also keep the conservation of energy.
In classical mechanics the world was made of particles, macroscopic
objects were composed of them, and the explanation of their macro-
scopic properties was constructive and dynamical: for instance, the
temperature of a body is the mean kinetic energy of the particles
constituting it. If there are particles and fields, then the situation
changes slightly. The explanation of macroscopic properties is still
constructive and dynamical, even if there are also interactions be-
tween particles and fields. The difference is mainly that it does not
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make sense to think that fields are microscopic, as they extend to
infinity. Nonetheless there is a clear sense in which the properties
of light (diffraction and interference, for instance) are explained dy-
namically by the wave-equation the fields obey.56 Having said this,
there is an interesting asymmetry between the electromagnetic fields
and the particles: while the particles can generate the fields, the
converse is not true. Why? One possibility is to think that fields are
somewhat ‘derivative’, rather than primitive. Or, without introduc-
ing a new and unnecessary terminology, one can think of only the
primitive beables as physical, dropping the ‘derivative’ ones out of
the primitive ontology. So, particles can generate fields and not the
other way around because fields are not primitive like particles. An
independent indication that they are not primitive is that they are
not at the same level of the architecture of the theory as particles
are: they are not at the foundation because they were introduced to
account for the particles’ behavior as mediators of the interaction
between the particles. This is the sense in which they are ‘deriva-
tive’: there is no force, and thus no electromagnetic field, if there
are no particles. Because of this, one may naturally think of them as
nomological. So the primitive ontologist suggestion is to resist doing
what was historically done, namely to think of the fields as part of
the furniture of the physical world: they are part of the ontology but
they belong to the nomology rather than the primitive ontology.

However, there are many difficulties with taking electromagnetic
fields as nomological. One problem is that they seem to give the
wrong direction in the nomological arrow. A law (in a non-Humean
sense) governs the behavior of matter, and thus it makes sense
to think of the fields as governing the behavior of the particles.
Nonetheless, we just said that the fields are generated by the par-
ticles, and this seems to imply that the laws are generated by the
particles, which is exactly the opposite of what we want. This ten-
sion is mitigated in a Humean picture of laws, where the governing
metaphor does not hold so strictly. So, one could say that it is as

56 One should distinguish between the case of a dual ontology of particles and
fields, and an ontology exclusively of fields. In the latter, since the fields spread out,
one would have to reconstruct the definite tracks one finds in detectors presumably
in terms of wave-packets localizing macroscopically (as attempted by Schrödinger,
when he originally tied to interpret the wavefunction as material). In the case of a
dual ontology of particles and fields, the fields instead are seen as the mediators of
the force, and thus have a value everywhere, and this is the reason why it is difficult
to see them as microscopic. They are more similar to the gravitational potential in
classical Newtonian gravity.
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if there are fields that sometimes are generated by the particles. Or,
from a better perspective, one could be less strict in the interpreta-
tion of the fields as being generated by the particles and think of
them as ‘derivative’ of the particles in another sense, rather than
created by them. In other words, one could think that God created
both particles and the laws, and in creating the latter he created the
fields which depend on the particles. Thinking in these terms avoids
the problem mentioned above but there are other issues. First, as we
have seen, we would have to reject the idea that energy is conserved.
While this is possible, it is nonetheless hard to swallow. Moreover,
one would have trouble accommodating free fields, those that exists
without particles, because fields are not material. While that may be
accepted, it would make the nature of light mysterious. One could
propose that light does not exist, and that light phenomena can be
accounted for in terms of particle phenomena with ‘unusual’ laws.57

Again, it is still possible but extremely radical, and it is questionable
that these costs are worthwhile. In other words, there are serious
difficulties in thinking of the fields as nomological, which may be
taken to suggest that fields should be regarded as physical after all.
However, I think there is another reason, which I take to be the most
compelling one, to reject the fields as physical. As we will see in the
next section, the main problem is that if we think of fields as physi-
cal, then we lose symmetries, and this is a significant cost. Before we
come to that, let me observe how, interestingly, the above-mentioned
difficulties in treating electromagnetic fields as nomological do not
arise in quantum theory when deciding how to classify the wavefunc-
tion. Moreover, one can also invoke other factors to make the case for
the nomological wavefunction more straightforward, when compared
to electromagnetic fields. In fact:

1) Configuration space: the wavefunction, unlike the electromag-
netic fields, is not in three-dimensional space.

2) Right kind of asymmetry: like electromagnetic fields, the wave-
function acts on the primitive ontology but, unlike them, the
primitive ontology does not interact with it.58

57 See Lazarovici (2018) for an argument against a field ontology.
58 Incidentally, the primitive ontology approach solves the problem of back reac-

tion in the pilot-wave theory: why does the wavefunction act on the particles but not
the other way around? Because the wavefunction is not material.
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3) There are always ‘free solutions’: unlike electromagnetic fields,
the primitive ontology can never be thought as generating the
wavefunction.

4) Energy conservation: the wavefunction has no associated en-
ergy, unlike electromagnetic fields, so there is no problem of
violation of energy conservation.

5) There is no ‘wavefunction-physical entity’: unlike electromag-
netic fields, which constitute light, the wavefunction does not
constitute anything.

In other words, all the motivations we had in classical electro-
magnetism to treat the fields as physical do not hold in quantum
theory, and moreover we can think of more reasons to consider the
wavefunction nomological. So, the case for the wavefunction to be
part of the law is more compelling than the case for the fields, even
if we do not add symmetry considerations. What happens if instead
we do?

4 . 3 . Symmetries

The primitive ontology approach urges us to maximize the number
of symmetries of the theory. In this section I argue that if one keeps
all the local beables in the primitive ontology then the theory loses
symmetries, because this amounts to ignoring the architecture of
the theory. This is the reason why the example of electromagnetism
is important: it shows us how the role of a variable in the theory
determines its place in the theory architecture, and its transformation
properties under a symmetry.

To envisage this, take time-reversal symmetry in classical elec-
trodynamics. A possible history of the world consists of a series of
instantaneous snapshots capturing what exists at each moment, just
like the sequences of frames in a movie. The time-reversed history
is one in which the order of the snapshots is reversed, like a movie
projected backwards. A theory is invariant under time-reversal if both
the forward and the backward stories are possible ways the world can
be. Albert, which was the first to point out these issues, noticed that
physical fields should transform as their nature prescribes.59 So, what
is the nature of electromagnetic fields? Assuming they are represented
by vector functions, one should expect that both the electric field E
and the magnetic field B would transform under time-reversal by

59 See Albert 1996.
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not changing anything but their temporal direction: E (t) → E (−t)
and B (t) → B (−t). However, with this transformation Maxwell’s
equations do not yield solutions, thus they do not describe possi-
ble ways the world could be. Instead, the transformation should be:
E (t) → E (−t) and B (t) → −B (−t) . Albert argues that there is no
reason for B to change like that, and concludes that classical electro-
dynamics is not time-reversal invariant. Contra Albert people have
argued that there is a reason for such transformation.60 The idea is
that there is a natural way for a given mathematical object to change
under a particular transformation, which depends on its geometrical
definition: B is an axial vector, in contrast with E which is a polar
vector, and that is why it flips under time-reversal, while E does not.
Or E and B are part of the electromagnetic tensor, which is suitably
defined to transform such as to make the theory invariant. However,
I think that even if we can find which mathematical object makes
the transformation needed for invariance natural, it is still hard to
swallow that the fields are part of the ontology. In fact, what is de-
picted in a time-slice has to change depending on whether it is taken
from the forward or the backward movie: while a snapshot extracted
at time t from the forward movies shows the electromagnetic fields
being E and B, the snapshot extracted from the backward movie
at the same instant shows instead E and −B. It is as if a snapshot
from The Empire Strikes Back projected forward depicts a green and
short Yoda, while the snapshot corresponding to very same instant
but taken from the backward movie shows a giant blue alien instead.
This is incomprehensible: if the electromagnetic fields are thought of
as physical, regardless of whether we think of them as part of the
electromagnetic tensor or not, their intensity should be the same,
and they should point in the same direction regardless of whether
the snapshot which portrays them is taken from the backward or
forward story. Instead this is exactly what happens if we take them
to be physical, and we think of the theory as invariant.61 So we
only have two other options. First, as Albert maintains, the fields are
physical, but they need to be thought of as independent from one
another, which is implausible, and the theory is no longer invariant
under time-reversal. Otherwise, we think of the fields as part of the
nomology, as the primitive ontologists suggest.

60 See Arntzenius 2004, Earman 2002, Malament 2004. For more on this, see
North 2008, Allori 2015c and references therein.

61 See Allori 2019a.
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Now let’s carry over this example to quantum theory. The the-
ory is invariant under time-reversal if the wavefunction becomes its
complex conjugate: ψ(t) −→ ψ∗(−t). However, if the wavefunction
were a material, or physical, field in configuration space, as the wave-
function realists maintain, there would be no reason why it would
transform like that, as it would merely flip time direction.62 As in
classical electrodynamics, some authors have maintained that the rea-
son why the wavefunction transforms in this way is because it is a
projective ray, and not a field in configuration space.63 Wavefunc-
tions that differ by a multiplication of a complex number of unitary
norm are called projective rays in a projective Hilbert state P (H)
of Hilbert space H , the space of the totality of the wavefunctions.
The ray is thus the set of equivalence classes of elements of H that
differ by a non-zero complex number c, like ψ and cψ. An important
reason to think the wavefunction is a ray is that wavefunctions which
differ from a non-zero complex number generate the same transition
probability, and can therefore be taken as representing the same state
of affairs.64 If the wavefunction is a ray, then one can show that it is
in the nature of rays to transform as needed so the theory is invari-
ant. In this way, by assuming that the operator which implements
the transformation connected with the invariance acts on an object
as the nature of the object prescribes,65 one can explain why the
wavefunction transforms in the way it does to preserve invariance.

However, as emphasized above, an important problem remains,
and this constitutes a general argument against the materiality of the
wavefunction. As in electrodynamics, in order for the backward story
to be empirically adequate, what is depicted in a single snapshot has
to change depending on whether it is taken from the forward or
the backward movie: while a snapshot extracted at time t from the
forward movies shows the wavefunction ψ, the snapshot extracted
from the backward movie at the same instant has to show ψ∗. Again,

62 The same is true for other symmetries, like Galileian invariance: under a
Galileian transformation x → x − vt the wavefunction being a field would transform
as: ψ (x) −→ ψ (x − vt). Namely, it would be boosted in the direction of the
velocity, but its intensity would not change. However, such transformation would
not leave the theory Galileian invariant: it would not map solutions into solutions,
as a more complicated transformation involving an exponential would be needed
(Allori 2018). But what would justify a transformation like this?

63 See Earmann 2002 and Roberts 2017 for time-reversal symmetry, see Allori
2018 for Galileian invariance. See also Roberts 2019 and references therein, for
further discussion.

64 See Wigner 1939, Shankar 1994.
65 See Skow 2010.
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however, the entities in the ontology depicted in the time-forward and
the time-backward histories should merely change in their temporal
direction: if Yoda has a given color and a given height, then Yoda is
green and short, regardless of whether we watch The Empire Strikes
Back forward or backwards.

So, I think that Albert is correct in thinking that there is no reason
for the wavefunction to transform that way if it is a physical field. But
I also think that considering the wavefunction as a ray is problemat-
ical as well because, regardless of whether there is a justification of
why the wavefunction transforms as it must to preserve invariance,
if one assumes that the wavefunction is material, this implies that
the material ontology changes depending on whether one looks at the
world from the forward or the backward point of view. This shows, in
my opinion, that the quantum state, ray or field, cannot be material.
Otherwise, the only option is that the theory would not be invariant.

Norsen and the multi-fielders wish to think of the wavefunction
as a local beable, similar to an electromagnetic field. However, the
analysis above shows that the wavefunction cannot be thought as
representing something material, as there is no reason why the on-
tology it represents should change in absurd ways under symmetry
transformations. This leaves us to think of the wavefunction as not
material: in this sense, even if one could construct a theory in which
the wavefunction is reduced to one of the other local beables, as
Norsen or the multi-fields would like, the local beable would still
not be a good primitive ontology because the theory would lose sym-
metry properties. In fact, these attempts amount to ignoring the
fact that variables have a distinctive role in the theory: the fields in
electrodynamics, and the wavefunction in quantum theory, are not
primitive, they do not represent matter but rather they represent the
interaction, the law of evolution for the variables at the foundations.
Ignoring this, either destroys symmetries, or makes the ontology
behave incomprehensibly, as in the Yoda example. Instead, thinking
of the wavefunction (or the electromagnetic fields) as nomological
explains why the wavefunction is a ray (or the fields are part of the
electromagnetic tensor), namely because its role is to generate the
evolution of the primitive ontology so that the theory is invariant.

In the primitive ontology framework, the wavefunction is not part
of the primitive ontology (matter), and the law which needs to be
invariant is the one for the primitive ontology. Since this approach
assumes that there is nothing in the material world which corresponds
to the quantum state, then one can forget about justifying why the
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wavefunction behaves in that peculiar way which preserves the sym-
metry. I have previously argued that the best way of thinking of the
wavefunction is as a projective ray in Hilbert space, because it is in
the nature of projective rays to transform in the way which happens
to preserve Galileian invariance.66 However, there is an important
sense in which this justification was not necessary: the quantum state
does not exist in physical space, the wavefunction is just one, among
the possible ones, convenient mathematical representations of the law
which describes the evolution of the wavefunction. As such, it can
do whatever is needed to preserve the symmetry of the theory.

5 . Conclusion

In this paper I have explored the differences between two approaches
which I think have not been sufficiently distinguished: one based
on the notion of local beable and another based on the notion of
primitive ontology. I have argued that the primitive ontology ap-
proach is stricter because it not only 1) needs to represent matter in
three-dimensional space (as is required by local beables approaches),
but also 2) it is committed to a dynamical, constructive explana-
tory schema, which 3) preserves symmetry properties of the theory.
Because of these reasons, certain local beables, such as electromag-
netic fields, would not be suitable primitive ontologies. Regardless of
whether one is persuaded by my arguments that we should prefer the
primitive ontology approach to other localist approaches, I hope that
this paper has helped to clarify that these approaches are distinctively
different.
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