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Abstract

Due to the Kochen-Specker theorem, quantum objects are incomplete ob-
jects regarding context-dependent properties, and that —in a specific inter-
pretation of quantum mechanics, namely the “Consciousness Cause Collapse
Hypothesis”— the transition from metaphysical incompleteness to completeness
happens due to the interaction with conscious minds.
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1 Incomplete objects

Arroyo and Arenhart (2019) argued that quantum mechanics, under a specific interpre-
tation viz. the “Consciousness Causes Collapse Hypothesis” (cf. de Barros and Oas,
2017) rehabilitates the controversial substance dualism thesis in metaphysics, offering
quantum-mechanical arguments for such. Underlying the argument is the idea that
quantum-mechanical systems depend on the mind, so the mind cannot depend on the
physical domain. So, in an important sense, substance dualism is justified by quantum
mechanics (up to a specific interpretation of it). The authors put forth three metameta-
physical conditions that any metaphysical profile for CCCH’s mind should comply,
viz.: causality, transcendence, and interaction (cf. Arroyo and Arenhart, 2019, p. 38).
In this paper, I'll push the arguments further and propose a fourth metametaphysical
condition to such metaphysics of science: completeness, due to the Kochen—Specker
(KS) theorem.

The metaontological background of this discussion is what Parsons (1980, pp. 18-

21) called an “incomplete object”. Here’s Parsons (1980):

By calling an object ‘complete,” I mean that for any nuclear property, the

object has either that property or it has its negation. (Parsons, 1980, p. 19).

An incomplete object is then, by definition, an object that does not possesses certain
properties nor its negation. Moreover, completeness is a feature of existing objects only:
“[...] all existing objects are complete” (Parsons, 1980, p. 20). To be sure, let us check

the following example.

Consider the object whose properties are goldness and mountainhood.
It does not have the property of blueness, nor does it have the prop-
erty of nonblueness; I will say that it is indeterminate with respect to
blueness. That object will in fact be indeterminate with respect to ev-
ery nuclear property except goldness and mountainhood. [...]J[A]dd

to the “the gold mountain” all nuclear properties that are entailed by



goldness and mountainhood. Then it will have, for example, the nu-
clear property of either-being-located-in-North-America-or-not-being-
located-in-North-America, but it will not have either of those disjuncts;
it will be indeterminate with respect to being located in North America.

(Parsons, 1980, pp. 20-21).

So far, so good. With that under our belts, let us steer to standard non-relativistic
quantum mechanics. Take a class of indistinguishable quantum objects, such as elec-
trons. A/l electrons have the state-independent properties of having the same rest
mass (0.511MeV’), electric charge (—1.6 x 107'?C), and spin (). They’re all in-
distinguishable objects in this sense (cf. Bigaj, 2022; French and Krause, 2006). But
there are also state-dependent properties which also characterizes these quantum ob-
jects. Such properties, however, as the name suggests, depend of the state it assumes.
The state-dependent properties, on its turn, are context-dependent (or measurement-
dependent).

To see the metaphysical implications of this, let us review very briefly the state-
dependent properties of quantum-mechanical objects, and how they come to possess

them.

2 Collapse, contextuality, and ontological complete-

ness

Standard quantum-mechanical descriptions are, on the one hand, deterministic in the

sense that the evolution of a state |¢y) of a system in time 7 is given by

1) = 57 gy (1)

which uniquely determines the state of the system at times # # #,. On the other hand
—and this was firstly pointed out by Bohr (1928)— standard quantum-mechanical de-
scriptions are a/so probabilistic in the sense that all that we can talk about the system

|#) are the probabilities P for possible measurement outcomes o, of experiments, rep-



resented by the observable operator O, such that

P(o;) = |{edy)I” (2)

and
O|0i> = 01-|0,-> (3)

The problem is that both quantum-mechanical descriptions are incompatible, and
they are separated by the notion of “measurement”. Equation 1 admits superpositions
as solutions, meaning that a standard quantum-mechanical description of a detector d
ready to measure z-spin states of an electron ¢ has a reset state —e.g. “ready”— and two
indicator states concerning the states of that the pointer can assume e.g. UP and DOWN.
This means that

|20p)e @ |reset)y — |zgp)e @ [UP)y

and

|Zbown)e @ |reset)y = |Zpown)e ® [DOWN),

If, instead, one wants to measure the eigenstate of a x-spin electron, and since

|xUP>€ - \/Lg|zup>e + \%|ZDOWN>€

then the initial wave function of the state can be described as

[Yim0) = (gleun)e + L5lmown)e ) @ lreset)s (4)
and must evolve to
[#)eo = 5 (leun)e @ [02)a) + L5 (J2vown)e @ [DOWN),). )

Itis, however, hard to appreciate what kind of macroscopic state the sum of measuring
states |UP),; + |[DOWN), may represent. This is why Dirac (1930) posited that although

the formalism describes quantum systems as superpositions, we never measure such



superpositions; instead, only unique measurement results count as measurement out-
comes, viz. |UP),; and not |[DOWN), or [DOWN), and not |UP),. The debate, then, re-
volved around under which circumstances such transition takes place. To Bohr (1928,
p- 102), this happens because of the interaction between a microscopic system and a
macroscopic system. This kind of conception aroused the notion of a “boundary” be-
tween so-called “classical” and “quantum” domains of reality, in which superpositions
occur in the latter but not in the former, so when a measurement is made, it allegedly
brings the quantum system to the c/assical realm. Pauli (1950) coined the term “Heisen-
berg’s cut” (“Heisenbergscher Schnitt”) to describe such situation.

As first pointed out by von Neumann (1932), the so-called “cut” is completely ar-
bitrary, i.e. it could be placed anywhere not just between the quantum object and the
classical measurement apparatus, but anywhere between quantum systems and the ob-
server’s brain. The assumption is that if quantum mechanics holds for physical systems,
it must hold for a// physical systems —including the measurement apparatus. More-
over, it should hold for the experimenter’s eye, optical nerve, and brain. More formally,
the rationale is that the quantum object ¢, the macroscopic measurement device d, the
eye and optic nerve of the observer 7 up to the observer’s brain & are subsystems of the
state Hilbert space 2, so that 77 = J#,® 7, ® 5, ® 7, butstill without presenting
a single eigenvector as the result —which is to be expected as a measurement outcome.
So we have:

¥) = E> @ [ur)y ® [ur), © |or); ) + o

A

Just as in equation s, it is hard to see which macroscopic physical system equation

|Zpown)e ® [DOWN),; ® [DOWN), ® |DOWN>17>

6 could represent. So the coupling of a measurement apparatus —or, for that matter, a

physical observer— can be of any help. As Baggott (1992) summarizes:

Quantum particles are known to obey the laws of quantum theory: they
are described routinely in terms of superpositions of the measurement

eigenstates of devices designed to detect them. Those devices are them-



selves composed of quantum particles and should, in principle, behave
similarly. This leads us to the presumption that linear superpositions of
macroscopically different states of measuring devices (different pointer
positions, for example) are possible. But the observer never actually sees

such superpositions. (Baggott, 1992, p. 186).

This situation is called by d” Espagnat (1999, p. 169) as “von Neumann’s chain”.
So one needs to break such a chain in order to account for measurement outcomes,
viz. to account for an empirically adequate theory (cf. van Fraassen, 1991). The solu-
tion proposed by von Neumann (1932, p. 420) is that different dynamics occur when
the system interacts with the observer’s abstract ego: instead of obeying the linearity
implicit in “process 2”, when interacting with the observer’s abstract ego the system
collapses immediately to one of its eigenstates with a given probability |«|* + |8]* = 1.
Although the literature often emphasizes that von Neumann (1932) coined the inter-
pretation according to which the mind causes the collapse (cf., for instance, Jammer,
1974), he indeed never mentioned the term “mind” nor “consciousness” in his work (cf.
Bueno, 2019). It was Wigner (1983) who explicitly states that the agent which is respon-
sible for the collapse is the observer’s mind —which is why de Barros and Montemayor
(2019) and de Barros and Oas (2017) coined the term “Consciousness Causes Collapse
Hypothesis (CCCH)”.

As pointed out by Arroyo and Arenhart (2019), this ontological commitment with
the existence of mind demands several metaphysical constraints, viz. this mind must
be caunsal (i.e. must act upon matter), transcendent (i.e. not reducible to matter), and
interactive (i.e. must interact with matter). This, in its turn, places several constraints
on the various kinds of metaphysical profiles one might want to associate with CCCH’s
mind —including several kinds of moderate dualisms.’

Now I mention the CCCH because there is an interesting link between the notion
of “collapse” and the KS theorem —also referred as a “paradox” (Kochen, 2019, pp. 252-

254).> Zeilinger (2005) states that the KS theorem implies that:

"For a comprehensive list of kinds of dualism, cf. Lycan (2009) and Rodrigues (2014).
*T acknowledge that there is tension on whether the notion of “contextuality”, as implied by the KS



[...] even for single particles, it is not always possible to assign definite mea-
surement outcomes independently of and prior to the selection of spe-

cific measurement apparatus in the specific experiment. (Zeilinger, 200s,

p- 743).

It is worth emphasizing that Zeilinger’s remark (and my focus in this paper) is —
exclusively— on standard quantum mechanics (cf. Cohen-Tannoudji et al., 2020; Mes-
siah, 1961), a theory which can be interpreted as CCCH. On other reconstructions
of quantum mechanics, this is zor the case; as stressed by Daumer, Diirr, Goldstein,
Maudlin, Tumulka, and Zanghi (2006, p. 131), “[i]ndeed, Bohmian mechanics and the
Ghirardi-Rimini—Weber version of quantum mechanics allow us to do precisely this,
since they do not postulate some special physics for measurements”. In few words, as
remarked by da Costa (2019), the famous theorem due to Kochen and Specker (1967)

states that:

The results observed in measurement are dependent upon what other
measurements are being made; in other words, the result of a measure-
ment of an observable is dependent on which other commutating observ-
ables are being measured. (Quantum contextuality means that the result
of a measurement of a quantum observable is dependent on which other
commuting observables are being regarded.) [...] each observable of a quan-
tum system should have a well-defined value in any instant of time, what is

false according to the theorem. (da Costa, 2019, p. 75, emphasis added).
Going even further, de Barros and Montemayor (2019) states that:

It so happens that the idea that a superposition is a state with either one
property or the other is not consistent. So, a measurement does not re-
veal the existing value of a property, but seems to create it. (de Barros and

Montemayor, 2019, p. 57, emphasis added).

theorem makes reference to measurement or not. While Cabello (2021), da Costa (2019), de Barros and
Montemayor (2019), Held (2018), Kochen (2019), Leggett (1991), and Ru et al. (2022) links both concepts,
de Ronde (2016) disentangle them. In the remainder of this paper, I'll endorse the former as a working

hypothesis.



According to Baradad (2022), one of the most striking philosophical implications

of the KS theorem is:

[...] the ineliminable contextuality of measurement; or to put it another
way, the downfall of the metaphysics of individualism (the assumption
that there are pre-existing individuals with a full set of determinate prop-

erties). (Baradad, 2022, p. 1044).

Finally, to close this selection, I call Leggett (1991, p. 87) which states that —in
standard quantum mechanics— “[...] it is the act of measurement that is the bridge
between the microworld, which does not by itself possess definite properties, and the
macroworld, which does”. The notion of “measurement” is ill-defined in the foun-
dations of quantum mechanics (for discussion, cf. Arroyo and da Silva, 2021); never-
theless, according to textbook approaches (cf. Cohen-Tannoudji et al., 2020; Messiah,
1961), the act of measurement collapses/projects wave functions from superposed states
into eigenstates of a measured property e.g. spin UP in a given axis (and not DOWN in
the same axis).

The KS theorem, thus, —at least within the collection of views gathered
above— seems to imply that guantum objects are incomplete objects up to contextual-
ity/measurement contexts. Thatis to say thatitis due to the act of measurement (which,
to CCCH,, is caused by the observer’s mind) that quantum objects acquire complete-
ness in a metaphysical sense. In this sense, following Parsons (1980), one might say that
—prior to measurement contexts— quantum objects does not possesses the property
of having a spin value of UP nor —UP (i.e. DOWN). They are incomplete objects with
regards to state-dependent/context-dependent properties (such as spin, position, mo-
mentum). In fact, thisidea aligns with the study conducted by Arenhartand Felippe Ju-
nior (2020), which argues that the KS theorem imposes several restrictions for the appli-
cation of traditional metaphysical theories of individuality to quantum objects, viz. the
bundle and substratum theory of individuality. This happens, as they argue, because of
the state-dependent/context-dependent properties that quantum objects may acquire,
maintaining the consistency of quantum mechanics. Such state-dependent/context-

dependent properties, as I argue, are the dividing line between quantum objects’ com-



pleteness and incompleteness, being the mind the agent who makes the transition.
Moreover, if we stick to Parson’s (1980) metaontological rule of thumb for what counts
as an existing object, incomplete objects are nonexistent objects; hence, quantum ob-
jects comes to existence by virtue of their interaction with the mind.

Due to the KS theorem, then, I might add to Arroyo and Arenhart’s (2019) list for

the metaphysical constraints of CCCH’s mind the following:

Completeness. It is due to the causal interaction with the transcendent mind
that quantum objects acquire completeness; otherwise, their state-

dependent/context-dependent properties are non-existent.
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